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This  unit  helps  "keep  them 
flying."  A  UTC  redesign  com¬ 
bined  two  units  in  one  .  .  . 
reduced  quantity  of  critical 
materials  50%  .  .  .  reduced 
weight  and  size  40%  .  .  . 
reduced  installation  time  60% 
.  .  .  reduced  possible  trouble 
points  50%. 


This  unit  maintains  ground 
communications  at  a  more 
efficient  level.  Now  plastic 
housed.  Critical  materials  re¬ 
duced  50%.  UTC  design  re¬ 
duced  possible  trouble  points 
50%  .  .  .  reduced  difficulty 
of  operation  50%. 


This  unit  is  used  at  a  number 
of  points  in  aircraft  communi¬ 
cation.  A  UTC  design  reduced 
quantity  of  critical  materials 
used  20%  .  .  .  reduced  weight 
and  size  20%  .  .  .  reduced 
possible  trouble  points  50%- 


WHAT  CAN  WE  DO  FOR  YOU? 


This  unit  is  a  component  in  a 
piece  of  aircraft  equipment.  A 
UTC  design  reduced  quantity 
of  critical  materials  60*%  •  •  • 
reduced  weight  and  size  60% 
.  .  .  made  possible  a  similar 
reduction  of  size  and  weight 
in  the  complete  equipment  of 
which  it  is  a  component. 
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or  Max.  Negative  temperature  coefficient. 
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capacity.  Size  Vs"  long.  .765"  diameter, 
exclusive  of  terminals. 

Power  Factor  .05%  does  not  increase  with 
ageing.  Voltage  rating  5000  volts  D.C. 
A.C.  voltage  rating  varies  with  frequency. 
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September  1942  —  ELECTROMCS 


The  Aviation  Industry  is  doing  its  job... 

A  Yearns  Production  A  Week  —  Every  Week 


A  MERE  hundred  planes  a  month  in  1938;  200  in 
1939;  450  in  1940;  1,600  in  1941,  and  today,  as  this 
is  written,  plane  produetion  goes  on  at  a  rate  of  5,000  a 
month.  A  pre\ious  year’s  production  now  in  one  single 
week  —  every'  week. 

So  begins  the  story'  of  the  greatest  industrial  expansion 
in  history;  an  industrial  miracle  that  far  surpasses  any¬ 
thing  our  enemies  c\  er  ha\  c  done  or  can  do.  Not  only 
did  we  out-produce  the  /Axis  but  the  acceleration  in  our 
production  during  the  past  12  months  exceeded  the 
greatest  increase  in  German  output  during  their  forced- 
draft  war  preparation  of  1939,  when  their  production 
rose  from  1,100  to  1,600  planes  per  month. 

I’he  toughest  part  of  our  job  was  accomplished  in  20 
months.  W'c  boosted  dclis  erics  from  100  or  so  to  1,000 
planes  a  week,  passing  the  combined  Axis  powers. Today, 
Germany’s  curve  is  flattening;  ours  is  climbing  steeply. 
Lt.  Gen.  Henry'  II.  Arnold,  Chief  of  the  Army  Air 
Forces,  assures  us  that  Army  contractors  will  produce 
not  less  than  148,000  planes  in  the  remainder  of  1942 
and  in  1943.  Duriirg  that  same  period  Navy  contractors 
will  turn  out  at  least  37,000  additional  planes. 

Manpower  in  the  airframe,  engine  and  propeller  in¬ 
dustries  was  increased  from  125,000  to  450.000  workers 
during  the  past  20  months,  with  the  prospect  that  the 
industiA’  will  be  employing  more  than  1.000,000  men 
and  women  in  1943.  Many  manufacturers  arc  solving 
their  personnel  problems  by  recruiting  women  workers. 
More  than  40,000  of  them  —  teachers,  stenographers, 
waitresses,  housewives  and  school  girls  —  today  are 
welders,  assemblers,  machine  operators  and  inspectors 
on  aircraft  production  lines.  Productive  floor  space  in 
the  airframe,  engine  and  propeller  industries  expanded 
from  18,000,000  sq.  ft.  to  nearly  55,000,000  sq.  ft.  dur¬ 
ing  the  last  20  months,  k'urthcr  expansion  to  more 
than  60,000,000  sq.  ft.  may  be  expected  this  year  and 
an  ultimate  figure  of  more  than  1 00,000,000  is  a  distinct 
possibility. 

I’o  grasp  the  full  magnitude  of  this  task  we  must  re¬ 
member  that  a  single  medium  bomber  has  30,000  parts, 
which  arc  built  into  650  minor  sub-assemblies  to  make 
32  major  sub-assemblies.  Ihc  entire  process  involves 
30,000  man  hours  of  labor.  Each  of  the  two  engines  in 
this  plane  requires  50,000  specialized  inspections.  Every' 
one  of  the  50  instruments  entails  many  hours  of  pre¬ 


cision  workmanship.  Yet  today  there  is  one  factory- 
turning  out  4  bombers  every'  day.  Another  produces 
fighters  at  the  rate  of  nearly  20  a  day. 

I’o  the  amazement  of  the  entire  world  these  manu¬ 
facturing  miracles  were  accomplished  without  sacrificing 
the  high  standard  of  American  aeronautical  equipment. 
There  has  been  some  loose  talk  about  the  quality  of  our 
combat  airplanes  as  compared  with  those  of  our  allies 
and  our  enemies.  Indisputable  evidence  of  the  superior 
stamina  of  our  aircraft  under  fire  is  written  between  the 
lines  of  almost  every'  war  communique.  E\ery'  battle 
record  tells  a  story  of  hca\-y  losses  inflicted  at  small  cost 
upon  numerically  superior  enemy  forces. The  consistency 
of  this  performance  on  all  the  far-flung  battlefronts  con¬ 
stitutes  the  most  eloquent  testimony  of  the  high  calibre 
of  our  designs,  our  manufacturing  methods  and  the 
skill  and  daring  of  our  pilots. 

And  let  us  remember  that  our  decisive  victory  in  the 
battle  of  production  was  not  won  without  headaches 
and  heartaches  on  the  part  of  management,  labor  and 
go\crnmcnt. 

When  the  President  sounded  the  call  for  50,000 
planes  in  the  spring  of  1940,  the  program  called  for  onlv 
5,500  military  aircraft.  Go\crnmcnt  and  industry'  reeled 
from  the  shock  —  both  determined,  however,  that  it 
could  and  would  be  done. 

’I’hc  Army,  the  Na\\'  and  the  old  Defense  Advisory- 
Commission  set  to  work  to  draft  a  program.  I’his  has 
been  re\ised  many  times  — upward!  Congress  then  pro¬ 
ceeded,  more  slowly,  to  modify-  the  laws  that  would  have 
obstructed  the  realization  of  the  objective.  Then  the 
a\  iation  industry-,  without  contracts,  in  the  face  of  dis¬ 
criminatory-  profit-limitative  legislation,  and  with  noth¬ 
ing  but  oral  assurances  of  governmental  intentions,  went 
ahead  with  its  Herculean  expansion  plans.  New  factories 
w  ere  completed  long  before  facilities-contracts  and  their 
funds  were  forthcoming. 

1  he  rugged  individualists  who  had  founded  and  built 
the  aviation  industry-  cast  aside  their  rivalries  and  em¬ 
barked  upon  a  period  of  unselfish  cooperation.  Priceless 
engineering  experience  was  exchanged.  Material  was  re¬ 
linquished  for  transfer  to  plants  where  it  was  needed 
more  urgently.  Successful  personnel  training  methods 
and  experience  in  the  use  of  women  workers  were 
pooled  for  the  benefit  of  all  concerned.  During  one  re- 


cent  month,  the  coojxjration  among  eight  southern 
California  plants  averted  more  than  1,860  potential 
bottlenecks  in  production. 

As  the  lessons  of  the  war  dictated  the  need  for  greater 
numbers  of  particular  airplane  hpes,  many  manufac¬ 
turers  accepted  orders  for  planes  designed  and  developed 
at  rival  factories.  Striking  examples  are  the  long  range 
•  bombers  being  turned  out  by  plants  where  only  trainers, 
fighters  or  dive  bombers  formerly  were  made. 

Mindful  of  the  risk  involved  in  educating  rivals, 
thereby  creating  future  potential  competition,  subcon¬ 
tractors  nevertheless  were  sought  and  trained  by  pioneer 
manufacturers.  Makers  of  toys  and  wheelbarrows,  auto¬ 
matic  stokers  and  linoleum  were  among  those  who 
rallied  to  the  call.  \\'’ithin  a  year  subcontracting  rose 
from  B  to  36  per  cent  of  the  total  program.  It  still 
is  rising. 

When  the  automotive  industry’  came  into  the  picture, 
aviation  manufacturers  gave  generously  of  their  time  and 
knowledge  to  start  the  newcomers.  Liberal  licensing  ar¬ 
rangements  enabled  them  to  reap  the  full  benefits  of 
technical  developments.  Automoti\  e  engineers  swarmed 
through  the  a\  iation  plants  in  search  of  the  exacting 
“know-how”  of  the  aeronautical  industry. 

Each  type  of  aircraft  that  reaches  the  production  stage 
is  the  result  of  long  periods  of  research,  design  and  de¬ 
velopment.  The  unseen  workers  toiling  in  the  wind 
tunnels  and  the  laboratories  of  government  and  indus- 
tn’  arc  the  unsung  heroes  who  tirelessly  are  strix  ing  to 
surpass  all  prexious  efforts.  Their  brilliant  accomplish¬ 
ments  are  eloquent  testimony  of  the  superiority  of  men 
and  women  who  arc  blessed  xvith  freedom  of  action  and 
thought.  Today  more  than  20  experimental  combat  air¬ 
planes  arc  under  dexelopment  and  xvill  replace  older 
txpes  as  soon  as  they  fulfill  the  exacting  requirements 
of  our  armed  forces.  Among  these  are  aircraft  that 
promise  to  outfight  and  to  out  perform  any  and  all  of 
the  much  xaunted  warplanes  of  the  .Axis  military'  ma¬ 
chine.  And  this  without  loss  of  production. 

Every  man,  woman  and  child  of  all  the  United  Na¬ 
tions  may  fervently  be  thankful  that  those  xvho  chart  our 
course  in  aircraft  production  have  not  frozen  design  to 
such  a  degree  as  to  make  impossible  the  immediate 
adoption  of  improvements  as  they  come  out  of  these 
lalx)ratorics. 

What  docs  this  brilliant  record  mean  in  terms  of  final 
xictory? 

Every’  nexvspaper  reader  has  learned  this  basic  xvar 
lesson  ...  air  supremacy  is  the  essential  ingredient  of 
military  success.  As  the  balance  of  air  power  shifts,  so  do 
the  fortunes  of  xvar. 

In  those  dark  days  xvhen  our  output  was  500  planes 
a  month,  Germany’s  xvas  2,000  and  the  German  air  force 


was  txvice  that  of  our  Allies.  When  xve  reached  2,000  a 
month  last  fall,  Germany  had  advanced  to  a  monthly 
rate  of  2,500.  Today,  as  this  is  written,  xve  have  caught 
up  xvith  the  enemy’s  backlog.  Hie  air  forces  of  lx)th 
sides  are  about  equal  numerically  and  United  Nations’ 
production  exceeds  that  of  the  Axis  by  27  per  cent.  Next 
summer  (1943)  both  the  air  force  and  the  output  of  the 
United  Nations  xvill  be  double  those  of  all  the  Axis 
powers. 

That  is  the  pattern  of  ultimate  victory! 

The  pattern  of  the  peace  to  folloxv  also  is  gaining  in 
definition.  I’he  airplane  has  shriveled  the  xvorld  to  one- 
fifth  its  former  size.  Its  use  as  an  instrument  of  destruc¬ 
tion  is  but  a  momentary  distortion  of  the  pattern  of 
human  progress.  Its  potential  poxver,  as  a  stern  preserver 
of  peace,  is  beyond  imagination.  Today’s  air  routes  of 
our  Army  Air  Force  Ferrying  Command  arc  the  inter¬ 
national  trade  routes  of  tomorroxv.  Giant  airliners,  bx’ 
reducing  time  and  space,  xvill  speed  fraternitx’  among  the 
nations  and  disunity’  xvill  gix  e  xvay  to  better  understand¬ 
ing  and  goodxvill. 

Flying  freight  trains,  xvith  aerial  locomotives  toxxir.g 
glider  boxcars,  xvill  serx  e  large  cities,  decentralizing  popu¬ 
lation  and  gix  ing  to  inland  cities  many  of  the  commer¬ 
cial  advantages  of  seaports.  Air  mail  and  passenger 
pick-up  lines  xvill  fill  the  gaps  betxvcen  these  transcon¬ 
tinental  trunk  lines  and  tie  in  the  smallest  hamlets. 
Universal  fly-it-yourself  services  xvill  provide  airplane 
facilities  for  those  xvho  do  not  oxvn  loxv  cost  prix  atc  air¬ 
craft.  Roadable  rotary’  xving  aircraft  and  family  planes 
of  the  fixed  xving  ty  pe  may  even  run  household  errands. 

The  coming  generation  of  business  men  xvho  todav  is 
piloting  our  xvar  planes  xvill  find  aircraft  as  essential  to 
business  as  it  noxv  finds  them  essential  to  victory’. 

Commenting  on  our  xvar  production  record,  Donald 
Nelson  has  said,  “We  arc  today  in  the  position  of  men 
xvho  realize  that  they  are  actually  doing  the  impossible”. 

The  mass  production  miracle  that  the  ax  iation  indus¬ 
try^  —  management  and  xvorkers  alike  —  has  performed 
through  the  all-out  effort  of  free  enterprise  can  and  xvill 
serx  e  civilization  in  peace  as  it  has  m  xx  ar. 

With  this  boundless  nexv  medium  of  transportation 
and  its  concurrent  technological  developments  xve  shall 
rebuild  our  xvay  of  life  to  a  rich,  nexv  fullness  upon  the 
ruins  of  a  xvar-torn  xvorld. 


President,  McGraw-I lill  Publishing  Company,  Inc. 


This  is  the  third  of  a  series  of  editorials  appearing  monthly  in  all  McGraw-Hill  publications  reaching  more  than  one  and  one-half  million  readers. 


ELECTRONICS....  KEITH  HENNEY  Editor _ SEPTEMBER.  1942 


CROSS 

TALK 

►  PATENTS  .  .  .  Under  this  heading  in  this  column 
in  July  some  remarks  were  made  on  the  descriptions 
of  patents  published  each  week  in  the  U.  S,  Patent 
Office  Official  Gazette.  Correspondence  relating  to 
these  remarks  appeared  in  Backtalk  in  August;  and 
quite  a  bit  more  correspondence  has  come  to  the  edi¬ 
torial  office  from  which  much  has  been  learned. 

A  patent  as  issued  contains,  first,  a  description  of 
what  the  inventor  has  accomplished,  often  with  much 
background  material. 

Then  come  the  claims.  These  are  limiting  para¬ 
graphs  citing  exactly  what  the  inventor  has  done, 
step  by  step.  To  infringe  one  of  these  claims,  each  and 
every  step  in  that  claim  must  be  performed.  The 
claims  are  really  a  catalog  of  the  features  of  the 
patent.  The  purpose  of  the  Gazette  is  to  acquaint  the 
field  with  the  fact  that  a  patent  has  been  issued  on 
such  and  such  a  subject,  and  the  single  (sometimes 
more)  claim  printed  is  deemed  sufficient  to  enable  a 
reader  to  determine^  if  he  wishes  to  know’  more.  If 
he  does,  then  he  can  buy  the  complete  disclosure  for 
10  cents  from  the  Government  Printing  Office. 

Now’  the  fact  that  Electronics  complained  that  the 
descriptions  in  the  Gazette  were  not  as  extensive  nor 
as  clear  as  one  might  w’ish,  w’hile  the  Abstracts  of  the 
British  Patent  Office  gave  much  more  information, 
does  not  mean  that  Electronics  is  attacking  the 
patent  system.  There  is,  at  present,  much  noise  about 
the  patent  system  and  what  is  likely  to  happen  to  it; 
many  patent  lawyers,  many  inventors,  many  corpora¬ 
tions  relying  on  research  are  up  in  arms  over  the 
present  hearings  in  Washington  and  with  good  cause, 
w’e  think.  Something  is  likely  to  happen  unless  those 
who  wish  the  patent  system  to  remain  as  it  is  act 
with  the  utmost  vigilance  and  intelligence. 

Electronics  w’ill  take  no  side  in  this  scrap.  It  will 


try  to  act  as  an  impartial  judge  of  editorial  material 
pertaining  to  the  situation.  It  recommends  that  read¬ 
ers  watch  carefully  the  hearings  now  taking  place  in 
Washington. 


►  WORDS  .  .  .  “Electron,  electronic,  electronics” — 
three  woi’ds  coming  more  and  more  into  popular  and 
engineering  language.  Without  wishing  to  set  our¬ 
selves  up  as  etymologists  (or  whatever  they  are)  we 
do  wish  to  set  down  our  feeling  about  these  words,  and 
how  they  had  best  be  used. 

“Electron”  is  clear.  It  is  a  noun  and  it  is  man’s  de¬ 
scription  of  “the  natural,  elementary  quantity  of  nega¬ 
tive  electricity.”  It  is  w  hat  makes  possible  “that  branch 
of  science  and  technology  which  relates  to  the  con¬ 
duction  of  electricity  through  gases  or  in  vacuo” — 
i.e.,  “electronics”.  These  are  definitions  approved  by 
the  American  Standards  Association.  “Electronics”, 
then,  is  a  noun  from  which  comes  the  adjective  “elec¬ 
tronic”.  Whether  one  calls  a  tube  an  electron  tube,  or 
an  electronic  tube,  is  a  matter  of  opinion,  and 
personally,  we  prefer  the  simpler  term — electron  tube. 
A  precedent  is  “electric  light”  not  “electrical  light”. 

Incidentally,  and  historically,  the  low’er  case  e  used 
on  the  cover  of  Electronics  came  about  in  this  man¬ 
ner.  The  artist  who  made  the  preliminary  layout  for 
the  cover,  back  in  1930,  liked  it  that  way;  he  was  a 
modern;  and  to  his  mind  a  lower  case  e  looked  better 
than  an  upper  case  E.  This  is  the  hone.st  truth;  and 
not  as  Science  Service  later  pointed  out.  the  lower 
case  letter  was  chosen  because  a  small  e  represented 
the  charge  upon  an  electron. 

We  don’t  believe  the  w’ord  “electronics”  has  got  into 
the  dictionaries  yet;  but  the  war  will  do  it  if  nothing 
else  has  up  to  this  time. 


Electrical  Concepts  At  Extremely 


Microwaves,  lying  adjacent  to  heat  and  light  waves  in  the  spectrum,  introduce  need  for 
extending  our  concepts  of  electricity.  Electric  and  magnetic  fields  assume  greater  signifi¬ 
cance  in  circuits  where  wavelengths  are  comparable  to  the  dimensions  of  equipment 


This  paper  deals  with  physical 
pictures  which  many  engineers 
have  in  their  minds  regarding  cur¬ 
rent  flow  in  conductors  and  vacuum 
tubes,  transmission  and  radiation.  In 
it  we  shall  be  concerned  with  some 
of  the  interesting  things  that  can 
happen  to  our  notions  of  electricity 
when  currents  alternate  at  the  rate 
of  billions  of  cycles  per  second,  where 
existing  mental  pictures  are  not  in 
every  case  ultimate  ones.  We  shall 
discuss  in  some  detail  the  nature  of 
“microwaves”,  from  the  standpoint 
of  basic  physics  rather  than  applica¬ 
tions. 

Existing  electrical  concepts  are 
not  to  be  tested  at  extremely  high- 
frequencies  and  then,  willy-nilly, 
“liquidated”  as  unsuitable.  An  inten¬ 
tional  insinuation  or  two  is  admit¬ 
ted.  Many  of  these  concepts  are 
carry-overs  from  static  or  low-fre¬ 
quency  electrical  phenomena.  Yet  it 
is  good  engineering  to  make  certain 
that  our  ideas  of  electricity  at  ex- 
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tremely  high  frequencies  are  en¬ 
hanced  by  our  knowledge  of  what 
electricity  is  at  the  lower  frequencies. 
It  is,  however,  very  easy  to  develop 
crude  and  unsatisfactory  pictures  of 
short  wavelength  electricity  if  we 
insist  upon  limiting  ourselves  to 
painting  with  a  brush  intended  for 
long  wavelength  pictures. 

Let  us  look  at  Fig.  1,  a  reproduc¬ 
tion  of  one  of  the  physicist’s  most 
descriptive  diagrams,  a  plot  of  the 
spectrum  of  the  electromagnetic 
phenomena.  All  these  phenomena  are 
cousins,  different  primarily  with  re¬ 
spect  to  frequency  or  wavelength. 
The  part  that  interests  us  most  to¬ 
day  is  wavelengths  described  in  centi¬ 
meters,  or  frequencies  of  billions  of 
cycles  per  second — a  region  which 
(except  for  Hertz’s  impudence  in  pro¬ 
ducing  sparks  near  there  as  the  first 


experiment  in  radio)  we  have 
reached  by  advancing  steadily  higher 
in  frequency. 

Notice  how  far  the  centimeter 
wave  region  is  from  the  power  fre¬ 
quencies  and  how  close  it  is  to  the 
heat  region  and  even  the  light  region. 
You  would  expect  that  if  we  are 
going  to  borrow  concepts  to  help  us 
understand  and  describe  these  centi¬ 
meter  waves  we  should  borrow  from 
the  waves  that  are  shorter  as  well 
as  from  those  that  are  longer.  And 
yet  we  all  know  that  because  we  have 
advanced  from  the  longer  toward 
the  shorter  waves  as  far  as  radio 
waves  are  concerned,  we  have  con¬ 
tinued  to  use  many  concepts  which 
began  with  direct  current  or  elec¬ 
trostatics  or  the  lower  power  fre¬ 
quencies.  This  paper  itself  furnishes 
one  example  of  such  thinking  for  the 
subject,  a  discussion  of  centimeter 
waves,  is  announced  as  “high-fre¬ 
quency  electricity”,  not  as  “low-fre¬ 
quency  light”  or  “low-frequency 
heat”. 

As  an  indication  of  the  danger  we 
may  run  into  if  we  take  a  reaction¬ 
ary  position  against  expanding  con¬ 
cepts  as  the  wavelengths  become 
shorter  and  fail  to  examine  whether 
the  resulting  physical  pictures  are 
completely  satisfactory,  suppo.se  we 
had  just  arrived  at  what  we  all  call 
electricity  from  the  region  to  the 
right  of  the  centimeter  waves.  That 
is,  suppose  that  we  had  previously 
worked  with  light  and  heat  waves 
exclusively  and  gradually  found 
means  to  make  those  waves  longer. 
In  light  we  talk  about  the  index 
of  refraction,  prisms  and  lenses  and 
in  heat  we  concern  ourselves  with  the 
temperature  of  the  source,  black- 
body  radiation  and  so  on.  Suppose 


MICROWAVE  Fundamentals 

This  timely  treatise  discusses  the  basic  physics  of  elec¬ 
tromagnetic  waves  in  the  centimeter  region  in  a  maimer 
which  makes  it  useful  to  men  with  limited  radio  experience 
as  well  as  to  engineers. 

It  represents  additional  educational  material  designed  to 
further  our  war  training  program,  admirably  supplementing 
tlie  U-H-F  Technique  section  which  appeared  in 
ELECTRONICS  for  ApriL 
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FIG.  1- 


The  electromagnetic  spectrum.  The  region  considered  in  this  article  is  labeled  "microwaves" 


it  had  to  occur  to  us  that  such 
thinjrs  as  generators  and  transmis¬ 
sion  lines  and  radio  broadcasting  sta¬ 
tions  could  be  practical  devices,  with 
our  minds  full  only  of  such  concepts 
as  focal  length,  virtual  images,  prob¬ 
ably  some  low-frequency  extension  of 
Plank’s  radiation  law  and  a  definition 
of  entropy.  Would  our  concepts  be 
completely  satisfactory? 

Of  course,  this  type  of  reasoning 
is  exaggerated,  but  as  we  begin  the 
task  of  describing  basic  character¬ 
istics  of  centimeter  waves,  let  us 
keep  always  in  mind  that  what  we 
want  to  arrive  at  eventually  is  the 
best  concept  which  can  be  used  by 
engineers  in  identifying  these  waves 
according  to  their  actual  properties. 

Cyrrent  Flow  in  a  Conductor 

Let  us  start  with  what  is  probably 
the  most  fundamental  of  concepts  in 
all  electrical  engineering,  the  flow 
of  electric  current  along  a  conductor. 
The  picture  which  the  electrical  engi¬ 
neer  u.ses  for  the  lower  frequencies 
is  exceedingly  simple.  He  thinks  of 
the  current  as  a  flow  contained  in 
the  conductor.  As  to  how  the  current 
distributes  it.self — that  depends 
upon  frequency.  If  the  frequency  is 
low,  then  the  current  distributes  it¬ 
self  uniformly  in  a  long  conductor 
much  as  direct  current  would.  As  the 
frequency  increases  there  is  a  tend¬ 


ency  for  the  current  flowing  in  a 
conductor  to  move  toward  the  sur¬ 
face.  This  “skin  effect”  increases  in 
importance  with  increasing  fre¬ 
quency  and  the  frequency  does  not 
have  to  become  very  high  before  the 
picture  of  current  flow  must  include 
skin  effect. 

At  frequencies  of  the  order  of  one 
billion  cycles  per  second  the  current 
comes  so  close  to  flowing  entirely  on 
the  surface  of  conductors  that  below 
a  few  thousandths  of  an  inch  there 
is  hardly  any  current  left  worth  talk¬ 
ing  about.  In  other  words,  skin  effect 
reaches  its  ultimate  and  electric  cur¬ 
rents  become  a  surface  phenomenon. 
Electric  currents,  then,  do  not  flow  in 
conductors  in  the  microwave  region. 
They  flow  on  conductors. 

Now  this  has  a  very  important 
effect  upon  the  engineer’s  thinking. 
.\lmost  the  first  thing  we  want  to 
know’  about  centimeter  waves  is 
where  they  are.  Where  is  the  energy 
being  stored  and  toward  where  is 
the  power  being  guided?  If  nothing 
really  goes  on  inside  conductors,  if 
only  conductor  surfaces  take  part  in 
the  action,  then  the  conductors  be¬ 
come  simply  boundaries  enclosing 
regions  in  w'hich  the  centimeter 
waves  do  their  propagating  and  exist¬ 
ing.  So,  instead  of  currents,  or 
charges,  or  voltages,  the  microwave 
engineer  thinks  in  terms  of  electric 


and  magnetic  fields.  This  does  not 
mean  that  the  concepts  of  current 
and  charge  and  voltage  have  become 
obsolete.  It  does  mean  that  these  con¬ 
cepts  begin  to  share  the  limelight 
with  fields  in  situations  in  which  the 
latter  concepts  had  been  previously 
in  the  background.  Such  sharing 
often  brings  with  it  a  broader  appre¬ 
ciation  of  the  current  and  voltage 
concepts. 

At  any  frequency,  when  you  com¬ 
mence  to  deal  with  circuit  im¬ 
pedances,  inductances,  or  capaci¬ 
tances,  somewhere  in  the  analysis  you 
have  to  pass  through  a  consideration 
of  the  electric  and  magnetic  field  dis¬ 
tributions.  Inductance  between  cir¬ 
cuits  is  an  effect  which  comes  about 
because  of  the  magnetic  fields  of  the 
tw’o  circuits  which  link  each  other. 
Capacitance  effects  are  due  to  elec¬ 
tric  fields  which  occur  between  con¬ 
ductors  that  are  electrically  charged. 
At  low’  frequencies  the  center  of  the 
problem  is  in  the  conductors  and 
the  current  flow’  along  those  conduc¬ 
tors.  In  our  usual  physical  picture, 
the  electric  and  magnetic  fields  are 
“feelers”  which  emanate  from  the 
centers  of  the  electromagnetic  effects 
and  are  useful  in  accounting  for  the 
interaction  between  different  con¬ 
ducting  systems.  That  this  is  not  so 
good  a  statement  of  the  centimeter 
wave  situation  is  brought  out  by 
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When  the  dimensions  of  a  cylindrical 
conducting  tube  are  of  the  proper  mag¬ 
nitude  compared  to  the  frequency  of  the 
generated  energy,  an  electric  field 
passes  down  the  tube:  currents  flow  on 
the  inner  walls  of  the  tube  rather  than 
in  the  metal.  In  an  enclosed  box,  similar 
effects  occur,  currents  flowing  on  the 
walls 
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inriuence  of  this  periodic  force.  For 
example,  we  might  expect  that  as 
the  grid  voltage  approached  its  high¬ 
est  positive  value,  the  electrons  near 
the  cathode  would  experience  an  in¬ 
creasing  attraction  toward  the  grid. 
In  consequence  of  this  attraction 
they  would  start  to  move  toward 
the  grid.  However,  the  applied  fre¬ 
quency  may  be  such  that  when  the 
electrons  have  travelled  only  a  small 
part  of  the  distance  between  cathode 
and  grid,  the  grid  potential  will 
begin  to  reverse,  and  the  space- 
charge  electrons  will  then  be  re¬ 
pelled  by  the  grid  and  begin  to  move 
away  again. 

In  the  meantime  the  plate  remains 
quite  puzzled  as  to  what  is  expected 
of  it.  Had  the  grid  behaved  properly 
and  removed  a  good  measure  of  the 
space  charge  from  in  front  of  the 
cathode  on  each  positive  part  of  the 
cycle  we  would  have  expected  to  find 
a  periodic  increase  in  plate  current. 
But  with  the  grid  wavering  in  its 
attitude  so  that  the  space  charge  and 
the  electrons  contemplating  leaving 
the  cathode  region  have  to  dilly¬ 
dally,  it  becomes  a  matter  of  some 
difficulty  to  determine  just  what  in¬ 
fluence,  if  any,  the  plate  current 
will  receive  from  such  action  by  the 
grid. 

If  the  current  flowing  to  an  elec¬ 
trode  in  a  vacuum  tube  is  viewed  as 
resulting  from  the  collection  of  elec¬ 
trons  at  the  electrode  then,  in  the 
case  described,  the  plate  would  re¬ 
ceive  no  alternating  current  whatso¬ 
ever.  Suppose  we  lower  the  frequency 
just  a  little — enough  so  that  before 
the  signal  voltage  on  the  grid 
changes  its  mind,  a  substantial  num¬ 
ber  of  electrons  pass  through  the 
grid.  Electrons  will  flow  to  the  plate 
and  there  will  presumably  be  .some 
plate  current.  The  implication  is 
that  there  is  a  critical  point  with  re¬ 
spect  to  frequency  for  a  given  ampli¬ 
tude  of  signal  at  which  the  plate 
current  suddenly  ceases  to  flow. 
These  difficulties  can  be  resolved  if 
we  reject  as  fundamental  the  con¬ 
cept  that  current  flow  to  an  electrode 
in  a  vacuum  tube  is  a  result  of  the 
instantaneous  collection  of  electrons. 

The  electron  collection  concept 
may  serve  us  well  at  times  but,  in 
general,  it  is  best  to  use  the  more 
fundamental  picture  that  current 
flow  in  the  external  circuit  that  con¬ 
nects  electrodes  of  a  vacuum  tube 
is  due  to  the  induced  effect  of  the 
moving  charges  in  the  space  between 


electrodes.  It  is  interesting  to  note 
that,  although  this  latter  concept  is 
well  understood  as  applying  to  the 
newer  transit-time  u-h-f  tube  gener¬ 
ators  and  amplifiers  the  concept  is 
not  so  well  appreciated  as  applying 
also  to  more  commonplace  tubes, 
such  as  diodes  and  triodes  at  any 
frequency.  But  that  this  is  so  can 
readily  be  appreciated  by  reference 
to  the  diagrams  of  Fig.  4. 

Figure  4  pictures  an  electron — a 
single  charged  body — passing  be¬ 
tween  two  vacuum-tube  electrodes 
which  are  connected  externally 
through  an  ammeter.  The  electron  is 
first  near  the  electrode  at  the  left 
with  lines  of  electric  field  flux  from 
it  falling  upon  the  other  electrode- 
and  ending  there  on  positive  charges 
which  will  be  induced  on  the  plate 
to  match  the  negative  charge  of  the 
electron.  The  ratio  in  which  the  posi¬ 
tive  charge  divides  itself  between 
the  two  electrodes  is  dependent  upon 
the  adjacency  of  the  electron  to  these 
electrodes.  With  the  electron  near 
the  electrode  on  the  left  most  of  the 
induced  positive  charge  is  on  that 
electrode.  But,  as  the  electron  moves, 
a  greater  percentage  of  that  positive 
charge  appears  on  the  plate  to  the 
right.  This  means  that  some  of  the 
positive  charges  from  the  left  elec¬ 
trode  must  be  moving  through  the 
ammeter,  appearing  on  the  electrode 
at  the  right  at  just  the  proper  time 
to  receive  the  flux  lines  that  have 
shifted  over.  As  the  electron  moves 


between  the  two  plates,  the  amount 
of  charge  on  the  left  electrode  de¬ 
creases  and  the  amount  of  positive 
charge  on  the  electrode  at  the  right 
increases.  Consequently,  throughout 
the  motion,  a  current  which  is  a 
measure  of  the  rate  of  change  of 
charge  flows  through  the  ammeter. 

Finally,  as  the  electron  nears  the 
electrode  at  the  right,  all  of  the 
positive  charge,  or  essentially  all  of 
it,  accumulates  on  that  electrode.  At 
the  very  end  of  the  trip,  when  the 
electron  finally  lands  at  the  plate,  it 
meets  the  equal  positive  charge  rest¬ 
ing  entirely  on  that  plate  (with  no 
charge  whatsoever  on  the  opposite 
plate).  The  electron  neutralizes  that 
charge  and  the  flow  through  the  am¬ 
meter  becomes  zero. 

Current  flows  all  the  time  during} 
the  electron  motion.  Indeed,  it  stops 
only  when  the  electron  has  finally 
arrived.  Thus,  it  is  not  necessary 
that  an  electrode  be  collecting  elec¬ 
trons  for  there  to  be  current  flow.  It 
must  receive  electrons  if  it  is  to 
pass  a  direct  current,  but  instantane¬ 
ous  current  will  flow-  while  the  elec¬ 
tron  is  merely  approaching  the  plate. 
Had  the  electron  turned  around  and 
gone  back  before  it  had  completed  all 
of  its  travel,  then  the  instantaneous 
current  would  have  reversed,  but  it 
would  have  been  zero  only  at  those 
times  during  the  process  when  the 
electron  velocity  happened  to  be  zero. 

A  safe  and  correct  viewpoint  is  to 
consider  the  current  in  an  electron 


K 

'Cathode  Grid  Plate 


FIG.  3  (Above)  Mechanism  of  the  vacuum  tube.  At 
ordinary  frequencies,  it  is  assumed  that  no 
time  is  required  for  the  passage  of  electrons 
from  cathode  to  plate.  But  in  the  centimeter 
wave  region,  this  transit  time  cannot  be 
neglected 


FIG.  4  (Right)  A  more  sophisticated  picture  of 
vacuum  tube  operation.  Current  flows  through 
the  external  circuit  because  the  passage  of 
electrons  from  cathode  to  plate  induces  j 
charges  on  the  plate.  Instantaneous  current 
flows  so  long  as  the  electron  moves;  it  stops 
when  the  electron  finally  arrives  at  the  plate 
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tube  as  arising  from  induction  be-  same  instant.  Particularly  is  this  so  voltage  toward  overcoming  ohmic 
cause  of  the  motion  of  charges  in  if  the  frequency  is  high.  losses,  the  IR  drop,  and  a  certain 

the  space  between  electrodes.  When  The  centimeter-wave  engineer,  amount  towards  overcoming  the  in- 
the  electron  is  finally  collected  isn’t  when  he  thinks  of  current  flow  duced  emf  due  to  the  changing  mag- 
the  time  when  current  flows.  As  a  through  an  electron  tube,  cannot  netic  field.  One  way  to  look  at  this 
matter  of  fact,  that  is  the  time  when  overlook  the  fact  that  the  current  is  that  the  changing  current  at  every 
current  due  to  that  electron  ceases  flow  is  due  to  a  motion  of  charges,  point  in  the  wire  gives  us  a  changing 
to  flow.  and  that  it  is  an  integrated  effect  magnetic  field  and  this  in  turn  causes 

If  there  is  a  continuous  stream  of  of  all  the  induced  current  due  to  all  an  induced  electric  field  at  every 
electrons  coming  from,  say,  a  cathode  the  charges  with  which  he  must  deal,  point  of  the  loop.  The  cumulative 
to  an  anode,  then,  as  each  electron  The  chief  tool,  the  chief  machine  of  effect  of  that  electric  field  is  to  re¬ 
moves,  it  transfers  the  matching  elec-  the  engineer  in  the  centimeter-wave  quire  a  certain  amount  of  the  ap- 
tric  charge,  present  on  the  face  of  region,  the  vacuum  tube,  is  not  uni-  plied  voltage  to  be  used  up  in  over- 
the  electrodes,  from  the  cathode  to  versally  looked  at  as  a  switch  or  an  coming  the  field  to  permit  current  to 
the  anode  through  the  external  cir-  impedance  which  can  be  varied  by  flow. 

cuit.  A  continuous  process,  a  steady  variation  of  the  biasing  voltages  on  Some  time  before  radio  waves  had 
flow  of  electrons,  means  then  that  the  the  electrodes.  Instead,  the  centi-  been  discovered.  Maxwell  set  up  a 
current  flowing  in  the  circuit  is  equal  meter-wave  engineer  finds  himself  theory  of  electricity  and  magnetism, 
to  the  number  of  electrons  per  second  thinking  about  electron  paths,  elec-  which  is  still  “tops”  today  in  the 
arriving  at  the  plate.  In  this  case,  the  tron  velocities,  transit-time,  induced  electromagnetic  spectrum  covering 
two  concepts  agree :  current  flow  in  currents,  and  movements  of  waves  of  the  radio  and  power  frequencies  and 
a  vacuum  tube  may  be  regarded  as  space  charge.  which  applies  to  many  of  the  basic 

due  to  the  instantaneous  collection  _  phenomena  of  heat  and  light  waves, 

density  of  electrons  at  the  electrode.  Circuits  and  Circuit  Concepts  most  startling  things  about 

or  it  may  be  regarded  as  a  move-  Let  us  turn  away  from  electrons  Maxwell’s  equations  at  that  time, 
ment  through  the  external  circuit  of  and  go  back  to  more  general  pictures  and  perhaps  his  most  important 
the  induced  charges  on  the  electrode,  of  the  characteristics  of  centimeter  single  conclusion  applicable  to  the 
occasioned  by  the  electrons’  presence  waves  near  conductors.  If  we  had  to  centimeter-wave  region  today,  is  that 
and  motion.  Whichever  way  you  look  analyze  the  circuit  of  Fig.  5  at  the  they  predicted  that  electric  and  mag- 
at  it,  you  get  the  same  answer.  But  lower  frequencies  we  would  prob-  netic  fields  do  not  jump  instantane- 
notice  that  there  is  nothing  in  the  ably  proceed  as  follows.  The  voltage  ously  into  existence  in  the  space 
rules  which  says  the  number  of  elec-  that  is  applied  to  the  loop  causes  surrounding  charges  and  currents 
trons  leaving  the  cathode  at  any  some  current  to  flow.  To  find  out  which  cause  them.  Rather,  the  elec- 
instant  must  equal  the  number  of  how  much  current  flows,  we  would  trie  and  magnetic  fields  travel  away 
electrons  arriving  at  the  plate  at  that  contribute  a  certain  amount  of  the  from  their  sources  with  the  velocity 


FIG.  5  (Above)  An  elemental  electrical  cir¬ 
cuit.  At  low  frequencies  it  is  assumed 
that  flow  of  current  through  the  wire, 
and  a  field  about  the  wire,  is  estab¬ 
lished-  instantaneously  —  but  this  is 
not  true  at  centimeter  wave  frequen¬ 
cies 


FIG.  7  (Above)  At  high  frequencies,  even  a 
simple  circuit  may  att  as  though  it 
is  made  up  of  many  series  impe¬ 
dances  and  shunt  admittances 


FIG.  6  (Above  center)  At  high  frequencies, 
charges  pile  up  at  points  on  the  con¬ 
ductor  because  of  the  finite  time  it 
takes  the  magnetic  field  to  build  up. 
The  field  may  not  have  time  to  es¬ 
tablish  itself  all  around  the  circuit 
before  the  generated  current  changes 
its  direction  of  flow 


FIG.  8  (Left)  Loop  conductors  may  be 
thought  of  as  guiding  waves  from  a 
source  of  energy.  Some  of  the  energy 
■  is  reflected  back  to  the  generator. 

Some  of  it  is  lost  to  the  system 
through  radiation 
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of  light.  These  equations  gave  rise 
to  the  electromagnetic  theory  of  light 
and  formed  the  first  important  link 
between  light  and  electricity  and  it 
is  this  very  basic  discovery  of  Max¬ 
wells  which  yields  the  link  that  we 
must  add  to  our  low-frequency  no¬ 
tions  of  electricity  if  we  are  to 
analyze  properly  centimeter-wave 
systems. 

In  the  analysis  of  the  last  para¬ 
graph  nothing  was  said  about  the 
time  it  takes  for  the  magnetic  field 
due  to  the  current  in  one  part  of  the 
loop  to  make  itself  felt  at  another 
part  of  the  loop.  It  was  assumed  that 
the  field  travels  so  quickly  compared 
to  the  size  of  the  loop  that  the  mag¬ 
netic  field  due  to  the  current  is  in 
exact  step  with  that  current.  But 
what  do  we  mean  when  we  say  that 
the  size  of  a  loop  is  small?  The  time 
it  takes  for  an  electric  or  magnetic 
field  to  cross  the  loop  must  be  com¬ 
pared  with  the  time  it  takes  for  the 
electricity  to  go  through  an  alterna¬ 
tion.  If  these  times  become  compar¬ 
able,  then  the  loop  is  no  longer 
small.  It  is  not,  in  other  words,  the 
absolute  size  of  the  loop  but  the  size 
of  the  loop  in  comparison  with  the 
wavelength  that  matters. 

At  wavelengths  in  the  centimeter 
range  the  loop  need  not  be  very 
large  before  an  appreciable  part  of 
the  period  of  a  cycle  is  required  for 
the  effects  of  current  changes  in  one 
part  of  the  circuit  to  be  felt  in  other 
parts.  We  ordinarily  think  of  in¬ 
ductance  as  causing  a  current  to  be 
ninety  degrees  out  of  phase  with  the 
voltage  across  it.  A  pure  inductance 
takes  no  average  power.  If,  however, 
the  magnetic  field  takes  an  appreci¬ 
able  part  of  a  cycle  to  get  from  one 
side  of  the  circuit  to  another,  there 
is  going  to  be  some  delay  or  re¬ 
tardation  and  some  change  or  ex¬ 
pansion  in  our  circuit  notions.  A 
small  amount  of  the  induced  electric 
field  will  be  in  phase  with  the  cur¬ 
rent  in  the  wire.  We  will  thus  sus¬ 
tain  a  loss,  not  in  heating  up  the 
circuit  because  it  has  nothing  to  do 
with  the  ohmic  resistance  of  the  cir¬ 
cuit.  but  a  loss  that  leaks  out 
through  the  electromagnetic  field. 
Perhaps  an  even  greater  setback  is 
the  realization  that  our  friend,  the 
pure  inductance,  seems  to  be  capable 
of  aggression  on  pure  resistance.  We 
do  not  have  to  throw  out  the  in¬ 
ductance  concept,  but  we  do  have  to 
broaden  it. 

The  loop  might  easily  be  several 


wavelengths  long.  Then,  periodically 
around  the  loop,  w’e  shall  find  that 
the  current  in  one  part  may  be  going 
in  one  direction  while  in  another  part 
it  is  going  in  the  opposite  direction 
as  show'n  in  Fig.  6.  You  may  cor¬ 
rectly  conclude  that  when  such  a 
thing  happens  to  current,  charges 
must  be  “piling  up”  at  intermediate 
points.  It  might  be  well  to  draw  one 
other  conclusion  before  w’e  go  on  to 
develop  this  situation  further.  This 
conclusion  is  that  circuits  in  the 
usual  sense — in  which  our  picture  is 
one  of  a  current  flow%  uniform  in 
magnitude  and  phase,  and  lying  en¬ 
tirely  in  the  conductors  all  the  way 
around — that  concept  of  circuit  is 
practically  non-existent  in  the  centi¬ 
meter  wave  field.  Since  the  distance 
from  zero  to  the  positive  maximum 
of  current  along  a  conductor  is  only 
a  quarter  of  a  wavelength,  it  is  very 
rare  that  centimeter  wave  circuits 
small  enough  physically  to  look  like 
low’-frequency  circuits  can  be  used. 

So  we  accept  the  fact  that  the  cur¬ 
rent  is  not  going  to  be  uniform 
around  the  loop  of  any  circuit  whose 
length  is  at  least  comparable  to 
w’avelength ;  but  this  is  only  a 
beginning. 

Those  familiar  with  transmission 
line  theory  will  immediately  recog¬ 
nize  that  it  is  usually  preferable  to 
consider  a  system  of  the  type  just 
described  as  a  transmission  line 
rather  than  as  a  single  loop  circuit. 
The  length  being  too  long  for  one 
simple  circuit,  we  may  think  of  it 
as  made  up  of  an  infinite  series  of 
little  circuits.  There  are  series  im¬ 
pedance  effects  and  there  must  in¬ 
deed  be  shunt  admittance  effects 
across  the  loop  because  the  charges, 
which  must  gather  at  the  current 
nodes,  are  significant  in  determining 
the  overall  performance  of  the  sys¬ 
tem.  So  it  would  appear  that  the 
picture  of  Fig.  7,  where  the  series 
impedances  and  shunt  admittances 
are  indicated  by  the  many  coils  and 
condensers,  is  preferable. 

The  concept  of  distributed  in¬ 
ductance  and  capacitance  has  been 
demonstrated  to  be  effective  and  val¬ 
uable  for  many  phases  of  the  u-h-f 
circuit  problem.  It  is  extremely  use¬ 
ful,  for  example,  in  predicting 
approximate  distributions  of  cur¬ 
rents  and  voltages  at  various  parts 
of  the  circuit.  It  has,  however,  one 
outstanding  limitation :  although  you 
may  distribute  impedance  and  ad¬ 
mittance  at  w’ill  over  the  circuit  in 


an  attempt  to  visualize  the  proper 
magnitude  and  phase  differences  of 
the  currents  around  the  loop,  you 
still  have  allowed  only  one  w’ay  in 
which  energy  can  be  lost,  and  that  is 
in  the  PR  loss  of  the  coils  and  con¬ 
densers.  Unfortunately,  our  little 
loop  is  not  an  ordinary  transmission 
line.  It  can  not  be  thought  of  as 
guiding  energy  uniformly  for  a  dis¬ 
tance,  then  depositing  that  energy 
completely  into  a  load  at  the  end. 
Nor  is  all  the  energy  simply  refiected 
back  to  the  source.  Because  of  the 
non-uniformity  of  the  transmission 
line  and  because  of  the  factors  which 
W’e  have  already  discussed,  the  pic¬ 
ture  of  Fig.  8  comes  closer  to  por¬ 
traying  the  actual  situation.  Here 
we  acknow  ledge  again  that  the  centi¬ 
meter-wave  energy  lies  mainly  in  the 
dielectric  medium  around  the  con¬ 
ductor,  not  penetrating  the  conduc¬ 
tors  appreciably.  The  conductors 
serve  merely  as  guides.  We  think 
then  of  the  loop  conductors  as  guid¬ 
ing  the  waves  from  the  source  along 
the  loop,  to  be  reflected  at  various 
points  of  the  loop  back  to  the  source, 
but  also  to  be  spread  out  over  some 
distance  and  lost  from  the  system 
forever. 

The  writer  has  taken  many  liber¬ 
ties  in  the  diagram  of  Fig.  8,  which 
shows  the  transmission  line  waves 
progressing  out  from  the  source 
with  an  appreciable  amount  of 
energy  never  getting  back  by  reflec¬ 
tions  (which  are  not  showm)  but  be¬ 
ing  lost  in  electro-magnetic  field 
leakage  or  radiation.  The  distribu¬ 
tions  of  the  wave  are  intended  only 
to  convey  an  impression  and  are  not 
based  on  a  mathematical  field  plot. 
A  good  deal  of  the  energy  in  the 
transmission  line  waves  will  undoubt¬ 
edly  be  reflected  back  to  the  source. 
Indeed,  if  all  of  the  energy  w’ere  so 
reflected,  and  we  are  neglecting  for 
the  moment  the  PR  losses  in  the 
metal  of  the  loop  itself,  then  the 
source  w’ould  see  nothing  but  pure 
reactance.  That  it  does  not  do  so 
ties  up  with  our  earlier  conclusion 
that  the  ordinary  (low’  frequency) 
“inductance”  is  no  longer  loss-free 
in  the  centimeter  wave  region.  Al¬ 
though  some  energy  is  guided  up  and 
down  the  loop,  other  energy  gets 
away.  Whether  we  like  it  or  not,  this 
circuit  has  become  an  antenna;  it 
radiates  power. 

And  now  we  have  come  upon  an¬ 
other  important  property  of  centi¬ 
meter-wave  circuits.  First,  we  have 


KLECTROMCS  — September  1942 


.39 


A  tuned  circuit  made  up  of  condenser 
plates  and  a  coil.  At  very  high  frequencies 
the  coil  may  become  a  single  turn,  or  sev¬ 
eral  turns  in  parallel,  the  end  point  being 
a  completely  enclosed  box  or  a  "cavity 
resonator" 


FIG.  10  Several  types  of  resonant  cavities,  with  dotted  lines  indicating  elec 
trie  field  flux  lines  connecting  charges 


FIG.  11  A  resonant  cavity  filter  and,  at  the  right,  two  grids  of  a  vacuum 
tube  through  which  an  electon  beam  of  varying  density' may  pass, 
inducing  currents  in  a  circuit  closed  by  the  cavity 


FIG.  12  Two  resonant  cavities  in  metallic  contact  will  not  be  coupled  to¬ 
gether  at  extremely  high  frequencies  since  the  current  flows  only 
•'  on  the  inner  surface  of  the  enclosing  material,  not  in  the  metal 


said  that  circuits  in  the. usual  sense 
hardly  ever  exist  at  these  frequencies 
because  it  is  so  difficult  to  build 
something  physically  tiny  enough 
really  to  be  a  circuit,  and  then  we 
have  said  that,  small  though  the  cir¬ 
cuits  are  (or  perhaps  we  should  say 
“large”  though  the  circuits  are,  com¬ 
pared  to  wavelength),  the  radiation 
from  these  circuits,  i.e.,  the  loss  of 
energy,  is  proportionately  large.  A 
major  problem  of  the  centimeter- 
wave  engineer  is  to  keep  the  radia¬ 
tion  of  his  systems  under  control. 
The  centimeter- wave  engineer  has, 
in  other  words  a  problem  in  insula¬ 
tion.  Here  we  see  centimeter  waves 
acting  a  good  deal  like  heat,  as  well 
as  light.  Unless  we  have  completely 
closed  structures  through  which  the 
waves  will  not  penetrate,  then  we 
may  expect  to  have  leakage  by 
radiation. 

Cavity  Resonoters  " 

In  the  important  fact  that  the 
centimeter  waves  will  not  appreciably 
penetrate  metal,  we  find  the  answer 
to  the  question  of  how  to  design  cir¬ 
cuits  so  that  the  leakage  of  energy 
by  radiation  will  not  be  excessive. 
When  we  build  a  circuit,  we  build  it 
so  that  the  current  flow’  around  that 
circuit  is  self-enclosing.  The  practical 
realization  of  this  trend  of  thought 
is  the  common  centimeter-wave  cir¬ 
cuit  known  as  a  “resonant  cavity.” 

In  Fig.  9  an  attempt  is  made  to 
picture  a  progression  from  the  ordi¬ 
nary  circuit  to  a  simple  self-onclosing 
resonant  cavity  type  of  circuit.  Here 
we  have  perhaps  the  most  common 
impedance  in  radio  engineering,  a 
tuned  parallel  circuit,  the  inductance 
tuning  the  condenser  to  resonance 
and  the  combination  yielding  a  very 
high  impedance.  We  still  need  high 
impedances  in  the  centimeter-w’ave 
frequency  band  but  we  do  not  w’ant 
radiation.  So  let  us  start  out  with 
tw’o  plates  for  our  condenser,  but  first 
connect  those  plates  by  a  one-turn 
inductance,  this  small  inductance  in¬ 
suring  that  the  circuit  will  resonate 
at  the  required  high  frequency.  The 
next  step  is  to  put  several  of  these 
one-turn  inductances  in  parallel,  one 
at  each  side  of  the  plate.  Then  we  can 
think  of  this  one-turn  inductance  as 
applied  all  around  the  condenser 
plate.  Finally,  w’e  put  additional  one- 
turn  inductances  around  the  con¬ 
denser  plate.  If  you  wish,  you  may 
think  of  this  as  many  small  cross- 
section  inductance  “bands”  in  paral- 
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FIG.  13  Simple  concentric  transmission  line  in  which  the  only 
loss  at  high  frequencies  lies  in  the  PR  loss;  there  is  no 
radiation  loss  if  the  metal  has  any  appreciable  thick¬ 
ness  and  if  the  ends  are  properly  closed 


FIG.  15  Various  distributions  of  energy  in  "wave  guides";  dif¬ 
ferent  modes  in  which  the  electromagnetic  fields  may 
FIG.  14  Transmission  line  formed  of  two  flat  conductors.  If  the  distributed  if  the  physical  length  is  large  compared 

dimensions  are  correct  the  sides  can  be  closed  to  form  _  wavelength 


lel.  The  condenser  consistinjr  of  the 
two  plates  is  closed  by  the  surface 
on  which  current  flows  and  is  closed 
all  the  way  around. 

Now  we  have  simply  a  closed  box. 
Inside  is  our  centimeter  wave.  This 
box  may  be  stimulated  in  a  number 
of  ways  but  it  still  has  a  re.sonant 
frequency;  that  is,  there  is  a  fre¬ 
quency  at  which  there  will  be  a  very 
hiffh  electric  field  between  condenser 
plates,  at  least  in  the  center,  due  to 
the  charpes  there,  and  a  very  high 
current  up  and  down  the  sides  of  the 
box.  At  some  time  the  energy  will  be 
in  the  electric  field,  at  a  later  time 
it  will  be  in  the  magnetic  field. 

When  you  say  “circuit”  tc  a  centi¬ 
meter-wave  engineer,  the  picture 
which  comes  to  his  mind  is  not  likely 
to  resemble  that  of  an  engineer  work¬ 
ing  in  the  radio  broadcast  or  power 
range.  The  u-h-f  engineer’s  concept 
of  circuits  is  associated  with  the 
properties  of  enclosed  regions.  Be¬ 
cause  of  the  tremendous  importance 
of  resonant  cavities  in  the  ultrahigh- 
frequency  range,  because  they  form 
the  most  common  of  our  circuits,  it 
is  necessary  that  the  engineer  have  in 
mind  the  various  resonant  modes,  the 
various  patterns  of  electric  and  mag¬ 
netic  field  and  current  and  charge  dis¬ 
tribution  which  can  exist  in  those 
cavities.  So  some  of  his  thoughts  on 
electric  circuits  begin  to  resemble 
those  of  an  acoustic  engineer  about 
cavities  containing  sound  waves. 
(This  does  not  imply  that  centimeter- 
wave  electricity  is  at  all  related  to 
sound  waves  but,  because  the  dimen¬ 
sions  of  the  systems  with  which  we 
work  are  of  the  order  of  the  wave¬ 


length,  we  can  expect,  and  we  do 
indeed  find,  very  similar  phenomena 
in  the  case  of  both  centimeter  waves 
and  acoustic  waves.) 

We  arrived  at  this  picture  of 
charge  and  current  distribution  in¬ 
side  of  a  box  under  resonant  condi¬ 
tions  by  extrapolation  from  the  coil 
and  condenser.  But  we  could  just  as 
well  have  obtained  it  by  thinking  of 
the  space  inside  the  box  as  one  in 
which  the  centimeter  waves  are 
propagating,  that  is,  bouncing  back 
and  forth  between  walls.  We  know 
that  when  we  have  a  wave  going  from 
top  to  bottom  and  then  reflected  back 
toward  the  top  again,  there  will  be  a 
frequency  for  which  the  waves  will 
re-inforce  themselves  and  at  which 
a  standing  wave  results.  Looking  at 
the  picture  of  electric  field  distribu¬ 
tion,  we  can  see  that  the  condition 
which  the  wave  must  meet  to  fit  into 
the  box  is  that  the  electric  field 
which  may  be  high  near  the  center 
must  decrease  so  that  at  the  sides 
( where  it  is  practically  shorted  by 
the  conducting  wall)  it  will  be  very 
small.  It  is  necessary,  in  other  words, 
that  you  have  half  a  wavelength  or 
some  multiple  of  half  a  wavelength 
across  the  face  of  a  box.  If  the  wave¬ 
length  is  not  short  enough  to  permit 
it  to  go  into  the  box,  then  the  box 
cannot  resonate. 

Figure  10  shows  a  number  of  pic¬ 
tures  of  resonant  cavities  in  which 
some  other  modes  are  stimulated.  The 
top  three  figures  are  side  views  of 
rectangular  or  cylindrical  boxes.  The 
two  bottom  views  are  of  cylindrical 
boxes.  The  dotted  lines  represent 
electric  field  flux  lines  connecting 


the  positive  and  negative  charges, 
pictured  at  one  instant  of  time.  These 
modes  in  which  an  electric  field  may 
distribute  it.self  in  resonators  are  as 
important  to  the  centimeter-wave 
engineer  as  Y  and  delta  connections 
are  in  the  power  field  and  tuned 
transformers  are  in  the  radio  re¬ 
ceiver  field.  Notice  how  you  can  ob¬ 
tain  modes  in  which  there  are  sev¬ 
eral  nodes  and  loops  of  charge  dis¬ 
tribution  or  voltage  distribution  as 
you  go  out  from  the  center.  Notice 
also  that  there  is  a  mode  in  which 
it  is  not  the  top  and  bottom  which 
resonate  against  each  other,  as 
analogous  to  condenser  plates  in  a 
parallel  tuned  circuit,  but  rather  the 
curved  sides  of  the  cylinder. 

Circuit  Functions 

It  is  probably  safe  to  say  that  in 
the  utilization  of  resonator  circuits 
the  functions  of  these  cavities  are  in 
every  case  analogous  to  the  low-fre¬ 
quency  cases.  For  example.  Fig.  11 
shows  a  simple  filter,  at  the  left.  En¬ 
ergy  comes  in  by  the  opening  shown 
through  a  loop  exciting  the  magnetic- 
field  and,  if  the  energy  arrives  at  a 
frequency  that  resonates  with  the 
box,  then  very  high  currents  and 
charges  will  appear  on  the  wall’s 
faces.  Or  if  you  prefer,  very  high 
amplitude  centimeter  waves  will 
propagate  from  top  to  bottom  and 
across  the  box,  thus  stimulating  a 
loop  on  the  other  side  to  pick  up  a 
good  deal  of  energy  and  carry  it  out. 
Looking  at  the  figure  at  the  right,  we 
see  two  elements  of  a  vacuum  tube, 
two  grids  through  which  an  electron 
iCoutituK’d  un  page  74) 
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An  Oscillator  For 


Single  pentode  tube  is  used  as  a  combined  oscillator  and  reactance  tube  to  vary  the  frequency 
of  generated  oscillations  over  a  range  of  two  percent  through  changes  of  d-c  voltages  applied 
to  the  tube.  Discussion  of  design  factors  affecting  frequency  stability  is  given 


The  remote  control  of  radio  re¬ 
ceivers  often  necessitates  control 
of  an  oscillator.  When  the  oscillator 
must  be  controlled  over  a  wide  fre¬ 
quency  range,  some  form  of  motor- 
driven  or  flexible  -  shaft  -  driven 
capacitor  is  usually  used.  When  the 
tuning  range  is  small,  however,  as 
is  the  condition  when  adjusting  a 
beat-frequency  oscillator  to  obtain 
the  desired  audio-frequency  output 
or  when  an  adjustment  of  the  fre¬ 
quency  of  the  heterodyning  oscillator 
associated  with  the  first  detector  is 
necessary  to  compensate  a  frequency 
drift  in  the  receiver  or  transmitter, 
simplified  control  systems  are  pos¬ 
sible.  One  such  system  involves  the 
use  of  a  reactance  tube  connected 
across  the  oscillator  tank  circuit. 
The  usual  reactance  tube  and  oscil¬ 
lator  circuit  requires  the  use  of  two 
tubes.  Compact  design  such  as  is 
necessary  in  mobile  equipment  makes 
it  desirable  to  use  a  single  tube  for 
this  purpose. 

The  circuit  shown  in  Fig.  1  is  an 
oscillator  and  reactance-tube  control 
system  using  a  single  pentode  tube. 
The  frequency  range  of  the  oscillator 
can  be  made  controllable  over  a 
range  of  at  least  2  percent  by  means 
of  a  variation  in  the  d-c  potential 
applied  to  one  electrode  of  this  tube. 
The  absence  of  any  r-f  voltage  on 
the  controlled  circuit  makes  it  pos¬ 
sible  to  use  unshielded  wires  wdthin  a 
power  cable  for  the  control  leads. 

Theory  of  Operation 

The  cathode,  grid,  and  screen  grid 
of  the  tube  are  connected  as  a  con¬ 
ventional  triode  grounded  -  plate 
Hartley  oscillator.  The  screen  is  by¬ 
passed  to  ground  for  r-f  and  direct 
voltages  applied  through  resistor  R. 


By  HOWARD  C.  LAWRENCE 

liCA  Manufacturing  Cinnpang 
Cauiilen,  \eir  Jcrucg 

to  give  the  proper  screen  voltage. 

Resistor  i?,  in  the  plate  circuit  of 
the  type  9001  tube  used  experimen¬ 
tally  was  chosen  to  give  the  maximum 
available  r-f  output  voltage  at  the 
plate  of  the  tube  when  the  frequency 
control  R,  is  set  at  the  maximum  di¬ 
rect  voltage  position.  Too  large  a 
load  resistor  will  cause  low  output 
voltage  because  of  the  low  direct 
plate  voltage  present  at  the  tube, 
while  too  small  a  resistor  will  cause 
low  output  voltage  because  of  the 
low  r-f  impedence  of  the  plate  load. 
A  tuned  circuit  or  r-f  choke  may  be 
substituted  for  this  load  although 
this  will  change  the  amount  of  fre¬ 
quency  shift  obtainable  and  intro¬ 
duce  the  possibility  of  a  new  mode 
of  oscillation  if  the  circuits  ai'e  not 
properly  adjusted. 

The  frequency  of  this  oscillator 
may  be  changed  by  altering  the  ef¬ 
fective  inductance  or  capacitance  of 
the  parallel  resonant  circuit,  L,C,. 


In  any  parallel  resonant  circuit  a 
charge  is  first  stored  in  the  capaci¬ 
tor,  then  flows  through  the  in¬ 
ductance  and  charges  the  capacitor 
in  the  opposite  direction.  The  speed 
with  which  this  change  can  take 
place  depends  in  part  upon  the 
amount  of  charge  which  must  be 
transferred  from  one  side  of  the  ca¬ 
pacitor  to  the  other.  The  charge 
which  must  be  moved  is  usually  that 
stored  on  the  capacitor  alone.  How¬ 
ever,  some  of  this  charge  may  be 
supplied  by  an  auxiliary  system 
which  feeds  a  charge  (or  supplies 
a  flow  of  current)  through  the  in¬ 
ductance  at  the  same  time  the  ca¬ 
pacitor  is  being  discharged.  Since 
the  capacitor  is  being  discharged 
through  the  inductance  most  rapidly 
at  the  instant  the  voltage  across  the 
resonant  circuit  is  zero,  the  current 
(or  charge)  fed  into  the  resonant 
circuit  should,  in  the  ideal  case,  be 
a  maximum  at  this  time.  A  parallel 
resonant  circuit  is  resistive  at  re¬ 
sonance  so  the  voltage  driving  this 
extra  current  into  the  resonant  cir¬ 
cuit  must  be  in  phase  with  the  cur¬ 
rent  or  90  deg.  out  of  phase  with  the 


Fig.  1— A  200-kc 
controlled  oscillator. 
Output  voltage  is 
taken  from  Li 
through  either  a 
small  capacitor,  a 
tap  on  the  winding, 
or  an  auxiliary 
winding 
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oscillating  voltage  of  the  resonant 
circuit.  Any  system  which  will  sup¬ 
ply  such  a  voltage  will  cause  a  shift 
in  the  frequency  of  oscillation.  This 
is  the  principle  upon  which  all  re¬ 
actance  tube  controlled  oscillators 
function. 

In  the  circuit  of  Fig.  1,  the  phase 
shifted  voltage  is  obtained  from  the 
voltage  developed  across  the  plate 
load,  Ri.  This  voltage  is  180  deg.  out 
of  phase  with  that  impressed  upon 
the  grid  of  the  tube.  The  voltage  on 
the  control  grid  is  that  appearing 
across  the  resonant  circuit  and  that 
to  w'hich  all  phase  relations  are  re¬ 
ferred.  The  phase  of  plate  voltage 
may  be  further  shifted  by  a  small 
capacitor,  Cj  connected  to  a  re¬ 
sistance,  which  in  this  case  is  that 
of  the  parallel  resonant  circuit  L,Ci. 

Capacitor  C*  is  of  such  a  value  that 
a  maximum  reactive  component  of 
the  plate  voltage  is  fed  back  to  the 
resonant  circuit.  Two  conditions 
govern  the  value  of  C,.  It  should  be 
made  small  enough  to  obtain  maxi¬ 
mum  phase  shift  and  yet  sufficiently 
large  to  obtain  minimum  attenua¬ 
tion.  The  optimum  conditions  are 
most  easily  obtained  from  the  vector 
diagrams  of  Fig.  2.  The  plate  volt¬ 
age  is  represented  by  the  vector  Eg^ 
at  zero  degrees  phase  angle.  The 
voltage  drop,  Er,  across  C,,  and  the 
voltage  drop  E,.  across  the  resonant 
circuit  must  add  up  to  Eg-,..  At  reson¬ 
ance  the  parallel  circuit  L,C,  appears 
as  a  resistance  of  magnitude  Qa>L,  or 
Q/mCi.  The  voltage  across  L  is  there¬ 
fore  90  deg.  out  of  phase  with  that 


across  the  feedback  capacitor  Cs. 
The  reactive  component  of  E^  has  as 
it’s  locus  a  semi-circle,  the  diameter 
of  which  is  Eg^. 

It  is  evident  that  the  maximum 
reactive  component  of  voltage  is  ob¬ 
tained  when  E,.  =  and  the  maxi¬ 
mum  amplitude  is  one-half  Eg^,.  Then, 

'  a  I  ^ 


where  Q  is  that,  of  the  resonant  cir¬ 
cuit  L,C,.  When  these  conditions 
exist,  a  voltage  is  fed  back  from  the 
plate  to  the  resonant  circuit  45 
deg.  out  of  phase  with  that  normally 
appearing  at  the  control  grid.  The 
plate  circuit  of  the  tube  therefore 
appears  to  the  resonant  circuit  as  a 
capacitance.  The  magnitude  of  this 
capacitance  depends  upon  the  radio¬ 
frequency  voltage  available  across 
Rs.  This  available  r-f  voltage  is  con¬ 
trolled  by  the  plate  voltage  applied 
to  the  tube  by  potentiometer  R,. 

An  Experimental  Oscillator 

The  oscillator  shown  in  Fig.  1 
operates  at  200  kc.  It  has  a  con¬ 
trollable  frequency  range  of  4000 
cycles  when  operated  from  a  200-v. 
B  supply.  Three  different  9001  tubes 
checked  in  this  circuit  gave  a  con¬ 
trollable  frequency  range  of  between 
4000  and  5000  cycles.  It  can  be  seen 
that  the  degree  of  control  will  vary 
somewhat  with  the  transconduc¬ 
tance  of  the  tube,  since  this  value 
determines  the  r-f  voltage  available 


Fig.  2 — Vector  dia¬ 
gram  oi  feedback 
Toltage.  Dotted  lines 
show  conditions  for 
too  small  a  value 
of  C. 
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at  the  plate.  The  oscillator  output 
voltage  varied  between  25  and  35  v. 
for  one  particular  tube  as  the  plate 
voltage  was  varied  between  0  and 
+  200  V.  Screen  current  changed 
from  0.45  to  0.35  ma.  and  the  plate 
current  changed  from  0  to  0.3  ma. 

Frequency  stability  of  this  oscilla¬ 
tor  is  such  that  when  the  supply  volt¬ 
age  to  the  complete  receiver  is 
dropped  25  percent,  the  oscillator 
frequency  varies  0.005  percent  at  one 
extreme  of  the  frequency  control  and 
0.067  percent  at  the  other  extreme. 
It  is  possible  to  design  the  oscillator 
in  such  a  way  that  the  frequency 
shift  is  slightly  negative  with  a 
change  in  battery  voltage  at  one 
extreme  of  the  controllable  range  and 
slightly  positive  at  the  other  extreme, 
giving  a  minimum  frequency  change 
for  a  change  in  battery  voltage  for  all 
settings  of  the  frequency  control.  The 
choice  of  values  for  screen-dropping 
resistor  /?.,  grid  resistor  Ri,  grid¬ 
coupling  capacitor  Cj  and  the  position 
of  the  tap  on  oscillator  coil  L,,  as  well 
as  the  L/C  ratio  of  the  resonant  cir¬ 
cuit  will  determine  the  stability  of 
the  oscillator.  These  values  should  be 
carefully  determined  to  obtain  best 
stability. 

The  output  voltage  of  the  oscil¬ 
lator  may  be  maintained  within 
closer  limits  by  reducing  the  range 
over  which  the  plate  voltage  of  \\ 
may  be  varied.  It  is  suggested  that 
this  range  always  start  at  zero  volts 
on  the  plate  since  this  value  is  the 
condition  for  minimum  effect  of  bat¬ 
tery  voltage,  due  to  change  in  trans¬ 
conductance  of  the  tube,  upon  the 
frequency  of  the  oscillator.  A  small 
capacitance  across  R^  will  similarly 
stabilize  the  output  voltage  but  at 
the  same  time  will  reduce  the  con¬ 
trollable  frequency  range. 

Frequency  Modulation 

Although  this  circuit  has  not  been 
tried  as  a  frequency-modulation  oscil¬ 
lator,  it  is  probable  that  it  will  make 
a  suitable  frequency-modulated  sys¬ 
tem  if  an  a-f  voltage  is  applied  across 
C ,  and  Ci  is  made  small  enough  to 
prevent  its  bypassing  the  audio  fre- 
(juencies. 


36  and  72  ORDINATE 


For  General  Harmonic 


Analysis  .  .  . 


Systematization  of  procedure  facilitates  the  tedious  calculations  required  in  harmonic  analysis 
of  complex  waves.  The  36  and  72  point  schedules,  with  means  of  checking:  results,  presented 
here  are  applicable  to  use  with  odd  and  even  harmonics 


By  R.  P.  6.  DENMAN 

Royal  Corps  of  Signals,  London 

Editor's  Note.  This  is  an  abstract  of  an  article  by 
Colonel  Denman.  Royal  Corps  of  Signals,  originally 
offered  to  the  Royal  Society  of  London,  and  favorably 
received  by  the  society.  It  was  unpublished  because  of 
the  war  stringency.  It  was  then  sent  to  Dr.  F.  W. 
Grover,  Union  College,  Schenectady,  who  sent  it  to 
ELECTRONICS  in  October  of  1940.  Because  of  the  great 
length  and  complexity  of  the  original  poper.  Dr.  Grover 
agreed  to  prepare  on  abstract.  This  he  did.  After 
several  delays,  most  of  which  were  unavoidable, 
the  abstract  is  now  published  for  the  benefit  of 
ELECTRONICS  readers.  It  is  improbable  that  the 
original  poper  of  Colonel  Denman  will  be  published. 

SIMPLIFIED  harmonic  analysis  schedules  suitable 
for  the  analysis  of  curves  common  in  power  cir¬ 
cuits,  where  only  odd  harmonics  occur,  have  long  been 
available,  but  these  are  inapplicable  to  curves  contain¬ 
ing  both  odd  and  even  harmonics.  These,  however,  are 
nowadays  of  frequent  occurrence  in  telecommunica¬ 
tions  and  electronics.  Since  the  labor  of  computation 
is  considerable,  it  is  desirable  to  have  available  a 
uniform  series  of  schedules  from  which  may  be  chosen 
one  which  yields  just  sufficient  detail  for  the  purpose 
in  view. 

The  author  has  prepared,  in  a  form  suitable  for 
photographic  reproduction,  four  schedules  based  on 
12,  18,  36  and  72  measured  ordinates.  The  first  two 
are  due  respectively  to  von  Runge'  and  Grover;  those 
based  on  36  and  72  ordinates  have  been  derived  by  the 
author.  It  is  believed  that  with  these  latter  we  ap¬ 
proach  the  limits  of  accuracy  possible  in  measuring 
oscillograms,  and  that  thus  the  needs  of  all  practical 
problems  are  satisfied.  These  new  schedules,  together 


'  Von  RunK*'.  Efitgch,  fur  Math.  u.  Phyn.  48.  lUO.'i.  p.  4  t;; 

=  Grover,  Hull.  Sat.  Hurrau  Stan.,  9,  1913.  p.  o67. 

.4  12-or(liuate  .scheme  may  be  found  nbstrueted  in  tlie  Kadie 
Kngineerin^  Handbook,”  'Third  Edition,  page  21.  Original  source 
is  "Graphical  and  Mechanical  Computation"  I’art  II  by  .loseph 
Li|>ka.  John  Wiley  &  Sons  Inc. 


with  the  check  equations,  which  are  an  almost  indis¬ 
pensable  adjunct,  are  here  given. 

The  analysis  schedules  systematize  the  calculation 
of  the  coefficients  Ak  and  Bk  in  the  general  equation 
assumed  to  represent  the  ordinate  of  the  curve  to  be 
analyzed. 

yi  =  .4i  sin  ut  -|-  -4j  sin  2a)t  +  Aj  sin  ‘iat  -f-  .  .  .  -f-  .4  n  sin  A' a>< 

-I-  .  .  .  -f-  A  ,_i  sin  (n  —  1)  wf 
+  Bo  A  Bi  cos  ut  -f-  Bj  cos  2wf  Bj  cos  3a>< 

+  Bk  cos  Kut  +  .  .  .  +  B,  cos  n  wf. 

The  2n  measured  ordinates,  equally  spaced  over  a  com¬ 
plete  cycle  of  the  curve  to  be  analyzed,  are  set  down  in 
the  order  shown  in  the  schedules  and  the  sums  and 
differences  of  complementary  pairs  of  ordinates  y„,, 
together  with  other  quantities  specified  in  the 
schedules  are  computed.  The  coefficients  ,4  and  B  are 
then  calculated  by  entering  in  its  proper  position  on 
the  analysis  form  each  of  the  indicated  quantities. 
after  first  multiplying  it  by  the  number  in  the  “mul¬ 
tiplier”  column  which  appears  in  the  same  row.  The 
sums,  S.K  and  S,k  of  the  two  columns  of  these  values 
are  added  to  find  the  coefficient  Ak.  Their  difference 
S.K  —  S,K  gives  the  complementary  coefficient  -4„.k. 
Similarly,  the  cosine  coefficients  Bk  and  B^.k  are  ob¬ 
tained  from  the  sums  and  differences  of  the  totals  in 
the  columns  D,*  and  D,k. 

There  will  be  no  errors  in  the  determination  of  the 
.4k  and  Bk  coefficients,  if  the  number  of  existing  har¬ 
monics  in  the  wave  is  less  than  n.  A  good  test  of  the 
analysis  is  to  repeat  it  for  a  set  of  ordinates  spaced 
half  way  between  those  already  treated.  If  the  results 
disagree  appreciably,  the  use  of  an  analysis  schedule 
based  on  a  greater  number  of  points  is  indicated. 

The  author  has  tested  his  schedules  by  analyzing  an 
ideal  rectilinear  wave  (where  the  Fourier  series  ex¬ 
pansion  is  known)  and  also  a  saw-tooth  wave  with  a 
finite  fly-back  time,  for  which  he  has  given  the  deriva¬ 
tion  of  the  expansion. 

(An  appendix  to  the  article,  contributed  by  Dr.  L.  J. 
Comrie,  deals  with  the  use  of  centralized  punched  card 
equipment  for  applying  the  analysis  schedules  of  the 
article  by  mechanical  means. — The  Editor) 

(Continued  on  page  46) 
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ORPIN  ATE  SCHEPULE  FOR  OPP  AND  EVEN  HARMONICS. 

OKpirvATES . 
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-0  7^eiO“AV«o 

B'#*  2- 

(-kt  vvvdlv<«^V~%a.  ^«x€x*vfv  W*3  CkIV*  A  kiJ  8  1^  /^(sckjoi).  I 

A  complete  cycle  ol  the  waveforir.  to  be  analyzed  is  neczssary. 
This  36-ordinate  schedule  requires  that  the  cycle  bs  divided 


every  10  degrees,  the  heights  of  the  curve  at  these  points  be 
measured;  then  these  values  fitted  into  the  schedule  above 
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Cheek  Eqaations  for  tho  36  Ordinofo  SchedMio 

Sine  Terms.  (A)  S  terms.  Apply  check  for  d,  and  recal¬ 
culate  D„.  If  there  is  any  error,  apply  the  check  for  d*. 
di  —  2['{  (Ai  -f-  .4(7)  -f-  (Aj  -|-  Ais)  —  (A;  -|-  An)  sin  .i0° 

"h  ■{  (Aj  +  .4i«)  -J-  (A4  +  An)  —  (.4s  +  Aio) sin  60° 

“h  (As  +  Ais)  —  A»] 

This  checks  So*,  fc  =  1,  2,  3,  4,  5,  7,  8,  9,  but  not  fc  =  6. 
d»  =  2(  (Ai  -f-  Ait)  —  (As  -|-  .4ii)  -)-  (As  -|-  An) 

—  (Aj  -f-  An)  +  A») 

This  checks  for  k  =  1,  3,  5,  7,  9  but  not  2,  4,  6,  8. 

(B)  S,K  terms.  Apply  the  check  for  d„  and  recalculate 
If  there  is  any  error,  apply  the  check  for  d,,. 
di  =  2[(  (Ai  -|-  .4i7)  -t-  (As  —  Aio)  •  sin  20°  +  ( (Aj  —  Au) 

-h  (At  —  .4ii) )  sin  40° 

-h  •{  (As  —  Ais)  +  (As  —  A12) )  sin  60°  -|-  •{  (A4  —  .4u) 

-(-  (.45  —  .4(3) )  sin  80°] 

This  checks  S,*  for  all  values  of  k  except  9. 
ds  =  2((Ai  —  Ait)  (Aj  —  Ais)  —  (A4  —  A14)  —  (As  —  .tn) 

4-  (At  —  All)  (.48  —  Aio) )  sin  60°. 

This  checks  all  values  of  S,*  except  for  k  =  3,  6,  9. 

Cosine  Terms.  (A)  terms.  Apply  check  for  S„. 

50  =  (Bo  Bio)  '}■  (Bi  Bit)  (Bj  +  Bn)  (Bs  +  Bui 

+(B4  +  Bu) 

“H  (Bi  -|-  Bis)  +  (Bs  +  Bit)  +  (Bt  -f-  Bn)  -t-  (Bs  -|-  Bio)  -f-  B» 
This  checks  all  the  £>,*  terms. 

(B)  I),K  terms.  Apply  the  check  for  S,  and  recalculate 
Sr-.,.  If  there  is  any  error  in  S„  apply  the  check  for  S*. 

51  =  2  H  (Bo  -  Big)  +  (Bi  -  Bit)  )  sin  80°  -f  (Bj  -  Bi*)  sin  70° 

-H  (Bs  -  Bu)  sin  60°  +  (Bt  -  Bu)  sin  50°  -|-  (B,  -  Bu)  sin  40° 
-f-  (B,  -  Bn)  sin  :iO°  +  (Bt  -  Bu)  sin  20° 

+  (Bi  -  Bio)  sin  10°1 
This  checks  all  values  of  Z?,*  but  £),». 

5,  =  2  ( (Bo  -  B,s)  -  (Bt  -  Bis)  -I-  (Bt  -  Bu) 

-  (Bo  -  Bit)  +  (Bi-  Bio)) 

This  checks  for  even  values  of  k  but  not  for  odd 
values 

Check  Equations  for  the  72  Ordinate  Schedule 

Sine  Terms.  (A)  S,*  terms.  .4pply  check  for  d,. 
di  =  2  ( (.4]  -!-  .4sii  sin  5°  -|-  (Aj  +  .434'  sin  10’ 

+  (.C  +  Am)  sin  15°  +  (.44  ^  As*)  sin  20° 

-)-  (.4s  -|-  .tsi )  sin  25°  -|-  (.4$  A30)  sin  30° 

■+■  (.47-1-  .4i9)  sin  35°  (.4s  +  Ajg)  in  40° 

+  (Aj  -f-  .4-j7i  sin  45°  -|-  (-4io  -f  .426)  sin  50° 

"I"  (All  +  .42s)  sin  55°  -t-  (Au  -j-  .424)  sin  60° 

(.4i3  -)-  .tss)  .sin  65°  -|-  (.4i4  -|-  .422^  sin  70° 

-|-  (Au  -|-  .421)  sin  75°  -|-  (Aig  -|-  .42o)  sin  80° 

+  (.4i7  -|-  .4i!()  sin  85°  -I-  .4is  ■ 

If  there  is  no  error,  the  S**  terms  .are  correct.  If  there  is 
any  error,  apply  the  check  for  d.,. 


do  =  2  \  (Ai  -|-  Ass)  +  (As  -f-  Ass)  —  (As  -h  A31)  —  (At  -h  .•iji) 

-|-  (A»  Att)  —  (All  +  Ass)  —  (Ais  -(-  Ass) 

~  (Ais  +  Asiy-|-  (Ait  +  Ai»))  sin  45°  +  (As  -|-  A34) 

—  (Ag  -|-  Aso>  (Aio  +  Ass)  —  (Ai4  -|-  Ass)  -|-  Aig. 

This  checks  S,*  terms  except  for  fc  z=  4,  8,  12  and  16. 

(B)  S,k  terms.  Apply  the  check  for  do. 
dt  —  2\\  (Ai  —  Ass)  (Ait  —  A19) )  sin  10°  +  ■{  (As  —  Ass) 

(Aig  —  Aso) )  sin  20°  -|-  ^  (As  —  Ass)  "i"  (Au  —  Asi) ) 
sin  30° 

( (A4  —  Ass)  +  (Am  —  Ass) )  sin  40°  -|-  ( (As  —  Aji) 

■f  (Ais  —  Ass) )  sin  50°  +  ■(  (Ag  —  Aso)  +  (Ais  —  Ass) ' 
sin  60° 

-|-  ■{  (.47  —  Aso)  +  (All  —  Ass) )  sin  70°  -f-  ■{  (.4g  —  .420) 

(Aio  —  Asg) )  sin  80°  -f-  (Ag  —  Ast)] 

If  there  is  no  error,  the  S,*  terms  are  correct.  If  there  is 
an  error,  apply  the  check  for  d;g. 
dis  =  2  ((Ai  —  A35)  —  (As  —  Ass)  +  (As  —  Asi)  —  (.4t  —  .4s9) 

-f-  (.to  —  Ast)  —  (All  —  Ass)  -|-  .tw  —  .iss*  —  (Au  —  .4si) 
-f-  (.4 IT  —  Aio)  ) 

This  equation  checks  the  S,*  terms  for  odd  values  of  k. 
Cosine  Terms.  (A)  £>,*  terms.  Apply  the  check  for  So. 
.So  =  (Bo  “H  Bsg)  (Bi  -j-  Bsi)  -j-  (Bo  -t-  Bit)  A*  (Bs  -|-  Bn) 

+  (Bi  +  Bi-i)  -|-  (Bi  -|-  Bsi) 

-f-  (Bg  -|-  Bso)  -(-  (Bt  B29)  (Bo  Bog)  (B»  -|-  B-.-t) 

+  (Bio  -|-  Bsg)  -f-  (Bu  -t-  B-ii) 

+  (Bit  +  Btt)  +  (Bu  -j-  B-a)  -t-  (Bu  +  B-,i)  (Big  +  Bjo) 

+  (Bit  +  Bio)  +  Big. 

If  there  is  no  error,  this  checks  all  the  /)„*  terms.  If  there 
is  any  error,  apply  the  check  for  S,„. 

■''is  =  2  <  (Bo  +  Big)  —  (Bo  -|-  Bsg)  4“  (Bt  -t-  B30I  —  (Bg  -|-  Bm) 

-r  (Bg  -f-  Bog  I  —  (Bio  -f-  Bjg) 

—  (Bis  B>i)  —  (Bi4  -j-  Bji)  (Big  +  Bo.,i  —  Bu 

This  checks  the  terms  for  which  k  is  even. 

(B)  terms.  Apply  the  check  for  S,. 

.S’l  =  2  (Bo  -  Bsg)  -I-  (Bi  -  Bn)  sin  85°  +  (B.  -  B;,)  sin  80° 

-|-  (Bs  —  B33'  sin  75° 

+  (Bt  -  Bs;)  sin  7J°  +  (B.  -  B„)  sin  65° 

H-  (^g  —  B.o)  sin  60°  (Bt  —  B-t,)  sin  55° 

-f-  (Bg  —  B.<i  sin  50°  -1-  (Bg  —  B.;)  sin  45° 

—  (Bio  —  Bog)  sin  4J°  4-  (B,  —  B;,!  sin  ‘1.5° 

—  (Bit  —  Bit)  sin  iJ0°  -t-  )Bn  —  B-z)  sin  25° 

(Bi4  —  Boj)  sin  20°  (Bu  —  Boi)  sin  lo° 

-f-  (Big  —  B20)  sin  10°  -|-  (Bit  —  Bu)  sin  5°‘ 

This  checks  all  the  terms.  If  there  is  any  error,  apply 
check  for  S,. 

•s;.  =  2  [(Bo  -  Bsg)  -  (Bi  -  Bn)  A-  (Bt  -  Bi.)  -  (B -  B.,) 

-t-  (Big  —  Bo, 1 1 

( (Bi  -  Bu)  -  (Bs  -  B.n)  -  (B,  -  Bs,  1  -|-  (B,-  -  B,.,) 

-|-  (Bg  —  B07) 

—  (Bu  —  By,)  —  (Bis  —  Bos)  -|-  (Bu  —  B‘\)  (B,t  —  Bu') 
«in  45°. 

This  checks  all  the  Z>,*  except  those  for  which  k  =  2,  6, 
10,  14  and  18. 


71  ORDINATE-  SCHEDULE  FOR  OOP  AND  EVEN  HARMONICS. 


OKPI  r/ATES 


i  S/,  S,,  Su  Sij  5,j  S,^  S,a  Su,3i,  Sg-«  Si.-S'ts'S)*  S,.  Sia  • 


tjo  cti  d.>  d„  dt,  di  dfi  dn  d>»  do  d-td/o  d,*  dudn  J,.  diad,f  dududi,  djg  diuAxi disdu dtad-to  dft  dff  djo  d»d», 


S)i)  Sjf  Sjtf  Sf^  Sjt  Sji  Sig  StySit  .^is  Sii,  St^  Sf,  Sio  ^"19 


0»  6,  (>i  ^  ^  ^  ^ 


y‘  f  i*  Ao  Aj  Ajr  Ag,  Aj  A.  A„  /]..  A, I  A,fA,^  A 


(^61  Cl  Ct  Cl  Cjy  Cf,  (>t  Cif 


Z~iii  ^17  C4  fiv  Tig  ril  7(1.  ZT),  T(o  4,jAi7  All,  Aif Aif  Alt  At,  ^  C3(«  dis  ^<4  01,  01,  CJ,  tfi/f  cTi^cSg  <J/g  0'«  f.j  tH,  <!«(, 


To  T,  ),  Ij  T„  7;  1;  I,  /p,  V,  V,  Vt  Vj  \4  Vy  Vg  Vy  Va  V?  t,  t,  tr  tj  t„  ty  t,.  ty  ts  Ly  16;  iT,  V,  U,  V,  Vj-  Vj,  «/;  Vj,  Vo  5uj«l> 


P.^js.TitiR,  R,  “Rj  ^4  f\\  Rt,  «,  iVh  K.,  Wo  W,  W*  Wj  W,  Wy  ^  'S  r„  r.  r.  r,  r;  r>  r*  r;  r,  ur.  uj.  w,  u),  u/*  u;,  ii\  uj,  u;,  vTijP;- 


46 


September  J  942  —  FXECTROMCS 


After  one  has  made  use  of  the  schedaUs.  a  check  lor 
the  accuracy  of  the  work  may  be  desired.  The  check 
equations  on  the  opposite  paqe  are  for  this  purpose. 
Corresponding  to  the  schedules,  the  check  equations 
are  divided  into  two  groups 


For  grea.er  accuracy,  the  72-ordinate  schedule  for  bsih 
odd  and  even  harmonics  is  given  below.  After  sub¬ 
stituting  numerical  values  for  the  ordinates,  one  secures 
the  coefficients  in  the  general  equation  representing 
the  curve  given  on  page  44 
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AMPLITUDE,  ) 
FREQUENCY, 
and  PHASE  ) 


/6  maximum 
amplitude  deviation 
h^odutated  earner  ierei 


1  Seconds 


,  Unmodulated 
m  earner  level 


Time 


Modulation 


AO  is  maxirnum 
0,  phase  deviation 


AF  is  matimum  carrier 
frecfuency  deviation 


k  ^  Seconds  -k.  Modulated  * 

phase  level  ^Seconds 

Unmodulated 
relative 
f'  phase  le vet 


.  Modulated  frea/uency  level 


Unmodulated 
AF  j^freapjency^^l^l 


6^  •  A0  sin  cOt 


Modulating  y  [<- 
current  Seconds 


■Carrier  current 


Amplitude 
Modulation 
(^M)  @ 


Time 


!  {Assigned 
F  carrier 
frequency) 

L. 

Time 


Phase  Modulation  ( PM'^ 

(D 


Frequency  Modulation  (FM) 

© 


Fiq.  1 — Graphs  illustrating  the  rariations  which  take  place,  on  a  time  plot,  for  amplitude  modulation,  (A),  phase 
modtilation,  (B),  and  frequency  modulation,  (C).  The  ▼ariable  factor  is  indicated  by  the  ordinate  in  each  case 


The  purpose  of  this  article  is  to 
present  fundamental  relations 
and  to  emphasize  essential  features 
as  well  as  differences  of  the  various 
types  of  modulation. 

Inasmuch  as  a  carrier  frequency 
current  is  characterized  by  its  ampli¬ 
tude,  frequency  and  phase,  such  a 
current  can  be  distorted  or  modu¬ 
lated  by  changes  of  amplitude  or 
by  frequency  changes  as  well  as  by 
phase  changes. 

It  is,  therefore,  possible  to  have 
amplitude  modulation  (AM),  fre¬ 
quency  modulation  (FM),  or  phase 
modulation  (PM).  It  is  also  possible 
that  more  than  one  of  these  types  of 
modulations  may  exist  simultane¬ 
ously. 

A  clear  understanding  of  all  three 
types  of  modulation  is  necessary  to 
account  for  undesirable  superim¬ 
posed  modulations  of  either  of  the 
two  undesired  types  or  to  design 
transmitters  in  which  more  than  one 
modulation  system  is  employed.  Be¬ 
sides  direct  frequency  modulation 
systems,  there  exists  a  commercial 
transmitter  system  in  which  AM 
produces  the  first  side  current  pair 
of  modulation  products,  which  in 
virtue  of  certain  circuit  elements 
gives  rise  to  PM  effects,  and  in  vir¬ 
tue  of  the  action  of  another  network 


gives  a  frequency  spectrum  dis¬ 
tribution  as  though  FM  Avere  the 
cause.  This  has  reference  to  the 
well  known  Armstrong  system  of 
frequency  modulation. 

Fundamental  Relations 

The  general  equation’  for  the  in¬ 
stantaneous  value  I,  of  an  unmodu¬ 
lated  carrier  current  is 

/,  =  sin  (ii  I  n-  ffi  '' 

—  I  m  sin  {2  It  F  I  -r  0)  (1) 

This  represents  a  vector  of  constant 
length  Im  rotating  with  a  constant 
angular  velocity  =  6.28  F.  We 
note  that  in  the  general  case,  there 
exists  a  fixed  relative  phase,  6. 

The  current  /„  is  the  quantity 
which  will  vary  in  the  case  of  ampli¬ 
tude  modulation,  the  phase  d  varies 
in  phase  modulation,  and  the  fre¬ 
quency,  F,  undergoes  variations  for 
the  remaining  type  of  possible  modu¬ 
lation. 


'  Sinci'  in  ciirn-nt  literature  on  K.M.  several 
•lifFereiit  symbols  are  in  use  for  the  same 
i|Mantities.  the  nomenclature  adopted  in  this 
article  is  that  used  in  “High  I'retiuency  Meas 
iirements.”  MeOraw-Hill  Hook  t'o.  The  symlxd 
/■'  stands  for  the  carrier  freipiency  sini-e  it  is 
always  larger  tlian  the  frequency  /  «if  tlie 
signal  current  which  modulates.  .Vny  measur- 
alde  lieviations  from  the  carrier  frequency  J 
are  denoted  by  Af’.  We  then  h  1>  =  'JvF  : 
a-  —  'Jrf  and  =  2rAF.  This  procedtire  seems 
logical  and  gives  expressions  whicli  seem 
clearer  to  tlie  eye  than  when  subscripts  are 
used. 


The  respective  variations  for  the 
three  types  of  modulation  are  illus¬ 
trated  in  Fig.  1.  It  is  seen  that  for 
AM  the  carrier  level  swings  about 
its  unmodulated  value,  and  the 
modulation  “grip”  is  stronger  the 
larger  the  ratio  L//™  =  K.  This 
ratio  is  known  as  the  degree  of  ampli¬ 
tude  modulation.  For  PM  the  rela¬ 
tive  phase,  f),  experiences  variations 
about  its  unmodulated  value,  0.  Also 
here  the  maximum  phase  swing,  A«, 
determines  the  degree  of  phase  modu¬ 
lation  but  not  in  as  simple  a  manner 
as  in  case  of  AM  as  will  be  brought 
out  later  on.  For  FM  it  is  the  carrier 
frequency  which  varies  about  its  as¬ 
signed  value  F  and  we  deal  with 
maximum  frequency  deviations  drAF. 
For  FM  the  ratio  AF//  determines 
the  spectrum  distribution  of  the 
modulation  energy  but  not  in  as  sim¬ 
ple  as  a  manner  in  case  of  AM. 

Equation  (T)  also  holds  for  all 
three  types  of  modulated  currents. 
We  have  to  realize,  how’ever,  that  for 
AM  we  have  the  substitution  I,„  = 
since  the  carrier  amplitude  varies 
with  time  while  n  =  6.28F  and  ft 
are  constant  in  case  of  pure  AM. 
For  PM  we  have  the  substitution 
ft  =  ft,  w'hile  and  /«  in  Eq.  (1)  re¬ 
main  fixed.  For  FM  we  have  to  deal 
with  an  instantaneous  frequency  F, 
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Relations 


Comparisons  between  tlie  three  methods  of  modu¬ 
lation  are  treated  from  the  standpoint  of  mode  of 
operation,  modulation  factor,  and  frequency 
spectrum.  Graphical  means  of  determining  the 
frecpiency  spectrum  for  frecjuency  and  phase  mod¬ 
ulation  are  "iven.  Differences  between  FM  and  PM 
are  indicated 
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Sun  til  Monirn,  i'lili  f. 


because  of  the  substitution  U  = 
n,  in  Eq.  (1). 

In  producing  amplitude  modula¬ 
tion,  it  is  possible  to  have  a  direct 
effect  of  a  current  of  signal  fre¬ 
quency  distorting  or  modulating  the 
carrier  current.  Such  direct  action 
of  the  signal  frequency  current  upon 
the  carrier  current  is  not  possible 
in  PM  and  FM.  Consequently,  an  in¬ 
direct  method  of  modulation  is  re¬ 
sorted  to,  in  which  the  effects  of  a 
modulating  current  are  converted 
into  a  proportional  pha.se  or  fre¬ 
quency  changes  respectively.  In  the 
case  of  direct  frequency  modulation, 
comparatively  large  frequency  swings 
can  be  caused  directly.  Fortunately 
this  indirect  process  can  be  accom¬ 
plished  readily. 

Since  Eq.  (1)  holds  generally,  the 
corresponding  wave  train  it  repre- 
.sents  (indicated  in  Fig.  2)  must  give 
us  a  physical  realization  of  what  is 
actually  instrumental  in  causing  the 
three  types  of  modulation.  The  ar¬ 
gument  of  the  sine  function,  a  =  Ut 
+  6,  contains  the  term  of  carrier  fre- 
(luency,  F=n/27r  which  is  involved  in 
frequency  modulation,  and  the  rela¬ 
tive  phase,  0,  which  is  involved  in 
phase  modulation;  it  does  not  con¬ 
tain  the  amplitude  current  term,  I„. 
Consequently,  phase  and  frequency 


modulation  must  affect  the  values  of 
«  and  F,  respectively,  but  not  neces¬ 
sarily  that  of  /„.  Hence,  for  constant 
carrier  level,  nothing  can  happen 
along  the  current  or  I,  axis.  In  other 
words,  for  either  PM  or  FM,  the  car¬ 
rier  level  remains  unchanged  since 
only  values  of  6  and  F  undergo  varia¬ 
tion.  This  results  in  an  important 
practical  advantage  for  PM  and  FM, 
for  the  problem  of  power  amplifica¬ 
tion  is  much  simpler  than  for  the 
ca.se  of  AM,  since  the  plate  efficiency 
is  not  affected  by  amplitude  varia¬ 
tions  due  to  modulation. 

Since  PM  and  FM  produce  no  ef¬ 
fects  along  the  current  or  I,  axis,  any 
effects  resulting  from  these  two 
methods  of  modulation  must  act  at 
right  angles  to  this  axis,  or  along  the 
time  axis;  they  must  accordingly 
be  some  function  of  time  rather  than 
of  amplitude.  It  is  therefore  an  easy 
matter  to  separate  AM  from  either 
PM  or  FM.  All  that  is  required  is  a 
receiver  which  is  .sensitive  to  time 
variations  of  $  or  F,  but  not  to  time 
variations  of  I„.  In  fact,  if  varia¬ 
tions  of  /m  do  occur  in  the  system, 
they  may  be  removed  by  clipping  the 
wave  trains  to  the  flat  tops  ab,  cd,  ed, 
as  indicated  in  Fig.  2,  without  affect¬ 
ing  the  phase  or  frequency  modula¬ 
tion.  This  leads  to  another  practical 


NIGHUBHTS  OF  VARIOUS 
MODULATION  METHODS 

TRANSMUTEH  POWER  AND 
EFnCIENCY  . . .  AM— Power 
output  variable.  Eiiiciency 
relatively  low  since  trans¬ 
mitter  must  be  designed  for 
peak  operation  .  .  .  FM  and 
PM — Power  output  constant, 
resulting  in  relatively  high 
efficiency  since  transmitter 
operates  continuously  at  full  * 
output 

MODULATION  AND  DEMOD¬ 
ULATION  ;  .  .  AM  —  Audio 
frequency  converted  directly 
into  voltage  or  current  vari¬ 
ations  .  .  .  FM  —  Audio  fre¬ 
quency  converted  into  con¬ 
stant  intensity  variations  of 
frequency  which  ore  then 
converted  into  amplitude 
variations  .  .  .  PM  —  Audio 
frequency  converted  into 
constant  intensity  variations 
of  phase  which  ore  reconvert¬ 
ed  into  amplitude  variations. 

MODULATION  FACTOR  .  .  . 
AM — Dependent  on  relative 
amplitudes  of  carrier  and 
audio  voltages  or  currents. 
Distortion  unavoidable  on 
overmodulation  .  .  .  FM  and 
PM  —  Dependent  on  ampli¬ 
tude  and  frequency  of  audio 
signal.  Distortion  need  not. 
occur  on  "overmodulation.” 

FREQUENCY  SPECTRUM  .  .  . 
AM  —  Depends  only  on  fre¬ 
quencies  present  in  audio 
signal  .  .  .  FM  and  PM  — 
Depends  on  amplitudes  and 
frequencies  in  audio  signal 
in  a  rather  complicated 
manner. 

.  LOUDNESS  AND  BANDWIDTH 
.  .  .  AM — Loudness  of  audio 
signal  determined  by  ampli¬ 
tude  of  audio  frequency. 
Bandwidth  determined  by 
highest  audio  frequency 
transmitted  .  .  .  FM  —  Fre¬ 
quency  deviation  changes 
the  loudness  of  received 
signal.  Ratio  of  frequency 
deviation  to  audio  modulat¬ 
ing  frequency  determines 
bandwidth  .  .  .  PM  —  Phase 
deviation  changes  loudness 
of  received  signal  os  well  as 
bandwidth. 
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from  the  simple  derivation  for  the 
instantaneous  frequency  F,  for  which 

_  i-  ^1-1.  _  ii  _  _ 

2ir~dt  2x  dt  2jr  27r  ^ 

=  constant 

Let  us  investigate  phase  modula¬ 
tion  where  a  =  Qt  +  sin  and 
the  instantaneous  frequency  is 

1  da  il 

^di  ^ 

=  F  +  /  -|-  A0  cos  2rrft  (4) 

V__y - 

change  in  equivalent 
carrier  frequency  due 
to  PM 

This  result  expresses  the  fact  that 
we  have  to  deal  with  an  equivalent 
frequency  variation  since  at  any  in¬ 
stant  of  time,  the  carrier  frequency 
is  composed  of  the  fixed  and  stabil¬ 
ized  frequency  F,  and  a  variable  term 
due  to  phase  flutter.  It  is  thoroughly 
reasonable  to  expect  some  kind  of 
equivalent  instantaneous  change  in 
frequency  in  the  process  of  phase 
modulation,  for  the  rigid  waveform 
of  Fig.  3  cannot  alter  its  phase  unless 
somewhere  along  the  line  the  instan¬ 
taneous  value  of  the  carrier  fre¬ 
quency  is  changed  slightly.  It  is  im¬ 
portant  to  recognize  that  the  varia¬ 
tion  in  F,  is  no  longer  proportional 
only  to  the  stimulating  maximum 
phase  deviation  \0,  but  is  in  addi¬ 
tion,  proportional  to  the  frequency  / 
of  the  modulating  current.  This  is 
equivalent  to  saying  that  for  a  fixed 
maximum  phase  deviation  Afl,  the 
equivalent  frequency  modulation  in¬ 
creases  with  the  modulation  fre¬ 
quency.  As  a  result,  we  have  modu¬ 
lation  accentuation  towards  the  up¬ 
per  signal  frequency  range.  This  is 
not  the  case  in  FM  since  the  degree 
of  modulation  depends  only  on  the 
maximum  frequency  deviation  AF. 

Physical  Representation  of 
Frequency  Modulation 

It  may  be  convenient  to  regard  the 
process  of  frequency  modulation  as 
one  in  which  the  waves  are  squeezed 
closer  together  for  a  part  of  the 
modulation  cycle  whereas  they  are 
stretched  apart  for  another  part  of 
the  modultion  cycle.  At  those  in- 
^2^  stants  of  time  for  which  the  magni¬ 
tude  of  the  modulation  cycle  becomes 
)er  zero,  the  carrier  w’aves  are  of  normal 
ifi-  spread  and  are  spaced  1/F  seconds 
;ro  apart  in  time.  This  is  illustrated  in 
)n-  Fig.  4.  In  order  that  we  may  obtain 
:ed  a  common  expression  for  the  side 
as  band  distributions  of  both  FM  and 
stabilized  as  in  case  of  a  reliable  a  vector  of  absolute  length  /„  which  PM,  it  is  convenient  to  assume  cosine 
piezoelectric  source.  It  also  happens  revolves  with  a  fixed  angular  velocity  frequency  variations  of  modulation 
when  the  modulation  occurs  in  a  high  G.28  F.  That  this  is  true  can  be  seen  as  shown  in  Fig.  1C.  In  this  case  the 


Fig.  2 — Wave  train  of  typical  carrier  current  Since  frequency  and  phase 
modulation  methods  are  unaffected  by  changes  in  amplitude,  PM  and  FM  may 
be  separated  from  AM,  by  clipping  the  wave  at  points  such  as  ah,  cd,  ef,  and  so  on 


Fig.  3 — Unmodulated  carrier  wave  (solid  line)  with  modulated  carrier  (broken 
lines)  for  phase  modulation.  The  frequency  of  modulated  and  unmodulated  carrier 
is  unchanged.  An  instantaneous  change  in  frequency  occurs  (not  shown)  when 
carrier  is  changed  from  immodulated  to  modulated  state,  or  vice  versa 
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instantaneous  frequency  of  the  car¬ 
rier  is 

F  t  =  F  A  F  C08  « I  (5) 

Note  that  in  this  case,  the  instantan¬ 
eous  carrier  frequency  has  a  maxi¬ 
mum  value  of  F  zt:  IF,  which  is  ob¬ 
tained  for  cos  oit  =  1,  and  that  this 
frequency  spread  is  independent  of 
the  frequency,  /,  of  the  modulating 
current  and  depends  only  on  the  devi¬ 
ation  frequency,  AF.  The  master 
oscillator  can,  therefore,  no  longer 
produce  a  stabilized  frequency  F.  It 
must  generate  an  oscillation  fre¬ 
quency  which  can  be  readily  varied 
as  in  an  ordinary  tube  oscillator.  We 
may  represent  a  frequency  modulated 
current  by  a  revolving  vector  of  con¬ 
stant  length  I„  equal  to  the  carrier 
level  of  the  unmodulated  current.  In 
this  case  the  vector  will  revolve  with 
the  instantaneous  angular  velocity 
Ft  as  expres.sed  by  Eq.  (5).  This 
would  give  an  instantaneous  current 
value  /,  =  I„  sin  a.  The  argument  a 
is  then  an  arc  in  radians  or  the  angle 
in  degrees  passed  through  by  the 
vector  as  is  indicated  in  Fig.  2. 
The  resultant  instantaneous  angular 
velocity  in  presence  of  FM  then  is 
12,  =  da/dt  and 

a  =  +  A  il  cos  w<j  dl  =  ill  smut 

The  instantaneous  current  value  in 
case  of  FM  is,  therefore, 

/i  =  /«  sin  a  =  /„  sinj^q  t 

(6) 

It  is  seen  that  the  amplitude  of  the 
variable  term  is  now  controlled  by 
both  the  maximum  frequency  devia¬ 
tion  AF  as  well  as  by  the  signal  fre¬ 
quency  f  of  the  modulating  current. 
Hence,  the  band  width  required  is 
not  necessarily  equal  to  the  peak  to 
peak  frequency  swing  2  AF. 

Spectrum  Disfribution  for  AM,  FM 
and  FM 

We  have  now  obtained  the  solution 
for  the  instantaneous  value  of  an  FM 
current  and  if  it  is  compared  with 
the  instantaneous  values  for  a  PM 
current  and  an  AM  current,  we  have 
the  relations 

h  =  Im  sin  (Si  i  -f-  sin  ^  t)  for  PM  and  PM"' 
/i  =  /■»  (1  -f  A'  cos  CO  f]  sin  Si  t  for  AMj 

(7) 

where  3  =  Afl  for  PM  =  AF//  for  AM 
and  K  =  Since  in  case  of 

AM,  le  in  case  of  PM,  and  AF  in 
case  of  FM  denote  the  maximum  ex¬ 
cursions  about  the  unmodulated  car¬ 


rier  level  /,„,  unmodulated  relative 
phase  0,  and  unmodulated  frequency 
F,  respectively,  they  all  have  the 
function  of  modulating  the  carrier 
current.  For  all  three  types  of  modu¬ 
lations,  the  modulation  process  causes 
a  frequency  spread  so  far  as  the  re¬ 
quired  channel  width  is  concerned, 
but  the  degree  of  modulation  K  in 
case  of  AM  has  nothing  to  do  with 
the  required  band  width,  whereas  the 
modulating  indices,  for  PM,  and 
AF//  for  FM  definitely  affect  the 
required  band  widths. 

For  AM,  as  is  well  known,  the 
required  band  width  is  proportional 
to  the  frequency  of  the  modulating 
current,  but  is  independent  of  the 
modulation  factor  K.  Thus,  if  F  is 
the  carrier  frequency,  and  /  is  the 
modulating  frequency,  the  total  band 
width  required  is  2/,  whether  the 
modulation  percentage  is  10  or  100. 
The  solution  of  the  amplitude-spec¬ 
trum  equation  for  AM  gives  the 
result, 

/(  =  Im  sin  S>  t  +  Im  [sin  (il  +  u)  t  -\- 
sin  (q  —  uj)  <1  (H) 

as  is  well  known.  Since  co/27:  =  /, 
the  modulating  frequency,  we  note 
that  we  have  only  one  side  current 
pair  which  is  /  cycles  above  and  / 
cycles  below  the  assigned  carrier  fre¬ 
quency,  F.  Besides  this  limited  and 
fixed  band  width,  depending  only 
upon  the  modulating  frequency  (and 
not  its  amplitude)  it  is  seen  that  for 
A^I,  the  entire  modulation  energy 


is  in  the  side  band,  and  that  even  for 
100  percent  modulation,  the  ampli¬ 
tudes  of  the  respective  side  currents 
at  frequencies  F  —  /  can  never  be 
more  than  50  percent  of  the  ampli¬ 
tude,  /,„,  of  the  unmodulated  current. 
It  is  also  seen  that  the  amplitude  of 
frequency,  F,  in  the  modulated  state 
is  still  Im  and  can  therefore  contribute 
nothing  to  modulation  or  the  trans¬ 
mission  of  intelligence.  Matters  are 
much  different  for  PM  and  AM,  as 
we  shall  see. 

In  dealing  with  PM  and  FM  we  do 
not  deal  with  a  modulation  factor  K 
which  is  independent  of  the  modu¬ 
lating  frequencies,  but  rather  do  we 
deal  with  a  modulation  index.  3  which 
is  intimately  associated  with  the  sig¬ 
nal  or  modulation  frequencies.  The 
fact  that  the  instantaneous  fre¬ 
quency  in  both  PM  and  FM  depends 
upon  the  modulation  index  which  in 
turn  depends  upon  the  amplitude  and 
frequency  of  the  modulating  signal, 
complicates  the  expressions  for  the 
amplitude-frequency  spectrum.  In 
this  article  we  shall  merely  state  the 
results  obtained,  without  offering 
any  proof  of  their  derivation. 

The  simplest  case  exists  for  PM 
where  the  phase  deviation  is  \9.  In 
this  case  we  have  an  infinite  number 
of  side  current  pairs  due  to  the  modu¬ 
lating  frequency,  /  =  w  'Zz,  in  addi¬ 
tion  to  the  carrier  frequency  F  = 
12/2z.  This  is  evident  from  the  mul¬ 
tiplicity  of  terms  in  the  expanded 
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Fig.  5 — CuTTM  for  the  Bessel  multiplier.  Bn,  plotted  against  deviation  produced 
by  modulating  agency.  The  amplitude  oi  the  assigned  carrier  frequency.  F  is 
of  frequency  F±ai  is  BnJm; 'where  f  is  the  modulation  frequency  and  /»,  is 
the  amplitude  oi  the  carrier 


amplitude-frequency  expression  for 
the  modulated  current,  which  is 
given  by 

Ii=Im  sin  (fl  f  -f  )3  sin  w  t) 

=  /■  /  8inSh-l-Bi[sm(Q-|-«)<— sin  (il  -w)/] 

-t-B2[9in(12+2w)<-f-sin(n  —  2)f] 
-i-Bj[sin(12-i-3w)<— sin(t2  —  3)f  j 
+  B4l8in(S2+4uj)f-|-sin('.2  —  4)fl 

+ . ^ 

-f  B,[sin(i2+nw)<-f-(— l)"8in(i2— nw)2]  !>  (9) 

; 


where  the  coefficients,  B„  are  the  Bes¬ 
sel  coefficients  defined  by  =  J„  (3). 

Following  up  at  first  the  simple 
case  of  PM  for  which  3  =  we  note 
that  the  Bessel  functions  B„,  B„ 
B„  affect  not  only  the  respective  suc¬ 
cessive  side  current  pairs  but  also 
the  magnitude  of  the  current  of  the 
assigned  carrier  frequency  F.  The 
argument  3  of  these  Bessel  functions 


is  equal  to  the  maximum  phase  devia¬ 
tion  M  in  case  of  PM  and  equal  to 
AF//  for  FM.  The  modulation  en¬ 
ergy  distribution  can,  therefore,  be 
equal  in  case  of  PM  and  FM  only 
when  the  3-value  happens  to  be  nu¬ 
merically  the  same. 

For  practical  applications  A0  is 
expressed  in  radians  since  this  satis¬ 
fies  the  numerical  value  of  3  in  the 
spectrum  of  Eq.  (9).  If  the  maxi¬ 
mum  phase  deviation  is  ^iven  in  de¬ 
grees,  the  degree-value  has  to  be 
divided  by  57.3  in  order  to  give  the 
3-value  required  in  above  formulas. 
The  application  of  Eq.  (9)  is  simple 
and  especially  so  when  Bessel  curves 
and  tables  are  available.*  In  Fig.  5 
are  given,  for  instance,  the  Bessel 
factors  B„  B,  and  Bw  by 

means  of  which  the  carrier  level  /„ 
of  the  unmodulated  current  is  to  be 
multiplied  in  order  to  yield  the  ampli¬ 
tude  of  the  spectrum  current  of  the 
assigned  carrier  frequency  F,  of  the 
first  side  current  pair  of  respective 
frequencies  F  —  /  and  F  +  /,  of  the 
second  side  current  pair  of  fre¬ 
quencies  F  2/,  etc.  What  is  of 
practical  importance  is  to  note  that 
these  curves  resemble  damped  wave 
trains  and  at  times  intersect  the  zero 
axis.  For  instance,  the  B,  curve  in¬ 
tersects  the  zero  axis  for  3-values  of 
2.4048,  5.5201,  8.6537,  etc.  Hence, 
when  the  phase  deviation  Afl  is 
2.4048,  5.5201,  8.6537  radians,  there 
can  be  no  amplitude  of  the  assigned 
carrier  frequency  F  since  the  B,- 
multiplier  vanishes.  In  a  similar 
way,  for  3-values  which  produce  zero- 
axis  intersections  with  the  F, -curve, 
there  can  be  no  side  currents  of  fre¬ 
quencies  F—f  and  F+/.  The  same 
holds  true  for  any  other  higher  order 
Bessel  curves  like  the  B»  curve  which 
gives  the  multiplier  for  the  side  cur¬ 
rent  amplituds  of  frequencies  F— 8/ 
and  F-l-8/.  Since  the  Bessel  curves 
are  wavy  and  intersect  the  zero  axis 
we  can  have  spectrum  currents  which 
have  negative  or  positive  polarity  de¬ 
pending  upon  the  sign  of  the  Bessel 
multiplier.  That  the  particular  mul¬ 
tiplier  Bn  has  for  a  certain  3-value  a 
negative  value  does,  however,  not 
necessarily  mean  that  the  correspond¬ 
ing  spectrum  amplitude  value  is  neg¬ 
ative.  The  reason  for  this  is  that 
the  multiplier  is  only  one  factor  of 
the  respective  product  in  Eq.  (9). 
Hence,  if  the  multiplier  B»  yields  a 


•  Many  curves  and  tnl)les  will  lie  found 
in  the  author's  forthcoming  hook  “Frequency 
Modulation." 
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negative  value,  say  for  instance, 

—  —0.2,  then  the  amplitude  of  the 
upper  side  current  of  frequency 
F  +  3/  becomes  —  0.2/„  but  the  am¬ 
plitude  of  the  lower  side  current 
becomes  0.2/„  since  the  Eq.  (9)  shows 
a  negative  sign  for  this  term  which, 
multiplied  by  a  negative  factor, 
yields  a  positive  amplitude.  For¬ 
tunately,  the  polarity  question  does 
not  always  play  a  part,  and  surely 
not  when  we  think  in  terms  of  the 
distribution  of  the  modulation  en¬ 
ergy  which  is  proportional  to  the 
square  of  the  amplitude.  But  if  we 
wish  to  find  out  graphically  how'  many 
significant  side  currents  have  to  be 
taken  into  account  in  order  to  avoid 
additional  amplitude  modulation,  the 
polarity  of  the  various  side  currents 
can  not  be  ignored. 

What  has  just  been  brought  out 
with  respect  to  PM  holds,  of  course, 
al.so  for  FM  since  as  far  as  the  spec¬ 
trum  distribution  of  the  modulation 
energy  is  concerned  the  expressions 
for  l3  in  Eq.  (7)  hold  for  FM  as  well 
as  for  PM.  Since  Eq.  (9)  is  the  spec¬ 
trum  solution  of  the  upper  equation 
of  Eq.  (7),  it  must  also  hold  for 
either  PM  or  for  FM.  However,  it 
.should  be  borne  in  mind  that  Eq.  (7) 


was  derived  in  the  case  of  FM,  with 
the  assumption  that  the  carrier  fre¬ 
quency  is  varied  cosinoidally.  Hence, 
if  the  modulating  agency  causes  an 
instantaneous  frequency  modulation 
F,  =  F+  AFcos  wt,  the  spectrum 
solution  of  Eq.  (9)  holds.  The  upper 
expression  of  Eq.  (7)  holds  only  for 
a  PAI  which  causes  a  sinusoidal 
phase  .swing  A0  sin  cpt  and  therefore, 
in  turn  also  a  cosinoidal  equivalent 
frequency  variation  so  that  one  and 
the  same  spectrum  solution  is  pos¬ 
sible.  For  all  other  conditions,  as  in 
the  investigation  of  simultaneous 
FM,  PAI  and  AM,  the  function  of  the 
modulation  agency  has  to  be  taken 
into  consideration. 

Imporiant  Quantifies  in  Modulation 
Systems 

.As  far  as  .AM  is  concerned,  we 
have  a  straight  forward  modulation 
process  which  is  well  known  today 
since  we  deal  with  a  modulation  fac¬ 
tor  K  =  With  respect  to  PM 

and  FM  we  have  learned  already  that 
we  have  to  u.se  a  modulation  index  3 
and  the  spectrum  distribution  de¬ 
pends  on  this  index.  For  this  reason 
the  number  of  significant  side  cur¬ 
rent  pairs  can  be  estimated  fi*om 


Fiq.  6 — Bessel  multiplier  curves  which  show  at  a  glance  how  many  signiiicant 
side  current  pairs  play  a  part  in  the  modulating  process  in  frequency  and  phase 

modulation 


the  value  of  3.  For  values  of  3  ^ 
0.2,  Bessel  curves  will  show  that 
we  have  essentially  only  one  side 
current  pair  as  with  AM.  They  will 
also  show  that  the  Bessel  multiplier 
for  the  amplitude  of  the  assigned 
carrier  frequency  F  is  then  essentially 
unity.  For  the  limitation  that  3  ^ 
0.2,  we  can  write  down  the  approxi¬ 
mations 


For  fretiuency  modulation 

Im  sin  (6.28  Ft)  -\- 
0.5/3  [sin  6.28  (F  +  f)  t\ - 
0.5  /3  [sin  6.28  {E  -  f)  f] 

/i  =  -  10) 

Im  sin  (6.28  Ft)  + 

0.5  A’  sin  6.2S  (F  +  /)  <  -r 
0.5  A  (sin  6.28  (F  -  /)  <1 


For  a’i;plitu(le  modulation 

This  equation  shows  that  in  case 
of  the  FM,  the  modulation  index  3 
can  be  used  directly  like  a  modula¬ 
tion  factor  K,  since  K  and  3  occupy 
corresponding  positions  in  their  re¬ 
spective  equations.  It  is  also  noted 


Fig.  7 — Amplitude  spectrum  for  /3=S  and 

a  modulation  frequency  of  kc 

that  the  superposition  of  two  such 
currents  is  additive  for  the  side  cur¬ 
rents  of  frequencies  F  f  and  sub¬ 
tractive  for  the  frequency  F  —  /. 
When  the  modulation  index  AF//  is 
equal  to  the  degree  K  of  AM,  the 
lower  side  current  will  di.sappear  al¬ 
together. 

More  important  are  the  effects  tak¬ 
ing  place  for  larger  values  of  3.  but 
before  following  up  this,  let  us  exam¬ 
ine  other  (luantities,  in  order  to  avoid 
confusion  which  may  arise. 

With  FAI.  we  have  the  a.ssigned 
carrier  frequency  F,  the  maximum 
frequency  deviation  AF,  the  modula¬ 
tion  frequency  /  and  the  modulation 
current  u  cos  (6.28  ft).  We  could 
also  use  the  corresponding  modula¬ 
tion  voltage.  As  mentioned  already, 
there  is  no  practical  difficulty  in 
tran.slating  a  modulation  current- 
effect  into  a  proportional  frequency 
variation  effect.  Hence,  we  have  only 
three  quantities  left,  namely,  F,  AF 
and  f.  It  may  not  be  out  of  place  to 
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emphasize  the  following  abqpt  these 
three  quantities.  The  factor  F  is  the 
assigned  carrier  frequency  about 
which  the  side  frequencies  due  to  the 
spectrum  distribution  are  symmet¬ 
rically  paced.  Hence,  F  may  also  be 
called  the  center  frequency  since  when 
F  should  drift  the  entire  significant 
frequency  spectrum  w'ill  drift  with 
it.  In  good  engineering  practice, 
therefore,  F  should  not  be  allowed  to 
drift  even  though  we  have  to  deal 
with  a  varying  carrier,  F,  in'FM. 

For  the  legal  permissible  fre¬ 
quency  deviations  AF  =  =t:75  kc,  the 
carrier  frequency  swings  between 
the  limits  F  —  AF  and  F  -f-  AF,  that 
is,  over  a  band  w’idth  of  150  kc.  At 
present  this  is  the  highest  permis¬ 
sible  frequency  excursion  and  causes 
the  loudest  sound  experienced  in  an 
FM  receiver.  It  may  therefore,  be 
called  full  permissible  modulation 
w^hich  is  by  no  means  100  percent 
FM.  That  full  permissible  modula¬ 
tion  is  not  the  upper  limit  of  FM 
does  not  mean  at  all  that  we  can  not 
receive  loud  signals.  The  reason  for 
this  is  that  in  an  FM  receiver  w'e  have 
to  translate  an  FM  current  into  an 
AM  current  and  demodulate  the  lat¬ 
ter  in  the  customary  way.  As  a  mat¬ 
ter  of  fact  the  frequency  discrimin¬ 
ator  can  accomplish  both,  since  a 
rectifier  is  incorporated.  It  is  not 
difficult  to  convert  an  FM  current  of 
zt75  kc  swing  into  very  high  degree 
of  AM  and  with  very  efficient  subse¬ 
quent  audio  frequency  recovery. 
Therefore,  smaller  values  for  AF 
will  cause  less  modulations,  since 
AF  determines  loudness.  The  AF// 
ratio  determines  the  band  width. 

The  signal  frequency  /  which  is 
also  known  as  the  modulation  fre¬ 
quency  determines  with  what  speed 
the  F  swings  occur.  Hence,  a  50  cps 
speed  causes  comparatively  slow’  AF 
excursions  and  a  low’  50  cps  pitch  is 
heard  in  the  FM  receiver.  A  10  kc 
modulation  frequency  causes  com¬ 
paratively  fast  AF  excursions  and 
therefore,  a  corresponding  sound  in 
the  upper  audio  frequency  range. 
Hence,  FM  does  not  mean  that  the 
signal  frequency  /  modulates  F  as 
far  as  the  degree  of  FM  is  concerned. 
Also  in  FM  the  amplitude  i„,  of  the 
modulating  current  determines  the 
modulation  "grip”  since  AF  must  be 
proportional  to  i,„. 

These  statements  may  give  the  im¬ 
pression  that  2  AF  is  the  required 
band  width  for  which  the  r-f  and  i-f 
stages  of  a  receiver  have  been  de¬ 


signed.  Since  the  maximum  fre¬ 
quency  swing  is  not  to  exceed  75  kc 
it  may,  therefore,  appear  that  150 
kc  is  the  band  width  for  which  the 
transfer  networks  of  an  FM  receiver 
ahead  of  the  audio  frequency  stages 
have  to  be  designed. 

Equation  (9)  show’s  that  the  num¬ 
ber  of  significant  side  currents  is  the 
only  criterion  of  the  required  band 
width.  Bessel  curves  show  that  the 
larger  the  modulation  index  3,  the 
more  side  currents  occur.  More  side 
currents  do  not  necessarily  mean 
more  band  width.  This  is  clear  from 
the  following.  For  FM  the  modula¬ 
tion  index  is  the  ratio  of  the  maxi¬ 
mum  frequency  swing  AF  divided  by 
the  modulation  frequency  /.  The 
largest  value  of  3  will,  therefore, 
occur  for  a  fixed  frequency  /  when 
AF  =  75  kc.  Since  the  useful  audio 
frequency  range  in  FM  work  extends 
from  /  =  50  cps  to  /  =  15  kc  we  have 
for  the  latter  value  a  modulation  in¬ 
dex  3  =  75/15  =  5  while  for  the  low¬ 
est  audio  frequency  of  interest  we 
have  3  =  75000/50  =  1500.  The  value 
of  5  show’s,  by  means  of  the  3  =  5 
curve  in  Fig.  6,  that  at  most  8  side 
current  pairs  play  a  part  since  the  3 
=  5  curve  slides  into  the  zero  axis 
very  closely  to  the  F,  ordinate.  The 
exact  Bessel  multipliers  are  then  B„ 
=  -0.1776;  B,  =  -0.33276;  B,  = 
0.04657;  F,  =  0.3648;  F.  =  0.3912; 
B,  =  0.2611;  B»  =  0.131 ;  F,  =  0.5338; 
Fs  =  0.01841  and  insignificant  values. 
The  amplitude  of  the  assigned  car¬ 
rier  frequency  F  is,  therefore,  17.76 
percent  of  the  unmodulated  carrier 
level;  the  amplitudes  of  frequencies 
F  —15  kc  and  F-l-15  kc  are  as  large 
as  32.8  percent  of  the  unmodulated 
carrier  level  /,„.  It  is  noted  that  for 
side  currents  of  frequencies  F— 4/  = 
F— 60  kc  and  F-(-60  kc  the  spectrum 
amplitude  is  largest  and  0.3912  /,„. 
The  spectrum  distribution  of  all  sig¬ 
nificant  side  currents  is  shown  in 
Fig.  7.  All  amplitudes  are  drawn 
with  the  same  polarity  since  only  the 
band  w’idth  is  of  concern.  It  is  seen, 
therelore,  that  the  required  band 
width  is  8/  on  each  side  of  F,  or  220 
kc  which  is  much  more  than  2  AF  = 
150  kc.  For  the  other  limit,  w’hich 
causes  a  3- value  of  1500,  produces  al¬ 
most  a  continuous  spectrum  with  es¬ 
sentially  1500  side  current  pairs.  But 
in  this  case,  the  modulation  fre- 
(luency  is  only  /=50  cps  and  in  spite 
of  this  large  number  of  side  currents 
the  band  w’idth  required  is  only 
2x1500x50  =  150  kc.  Hence,  for  such 


a  large  number  of  side  currents  the 
required  band  width  is  approaching 
the  value  of  the  peak-to-peak  fre¬ 
quency  swing  or  the  value  of  2  AF. 
Since  for  circuit  design,  the  most 
severe  condition  has  to  be  taken  into 
account  the  other  ratio  namely  AF/ 
15kc  =  5  must  be  used  and  a  band 
width  as  found  in  Fig.  7  is  to  be  em¬ 
ployed.  As  a  rough  design  rule  for 
wide  band  FM,  the  r-f  and  i-f  cir¬ 
cuits  in  an  FM  receiver  should  be 
designed  roughly  for  a  band  width 
which  is  equal  to  3  AF.  It  should 
be  realized  that  the  networks  require 
a  linear  phase  characteristic  over  the 
entire  band  w’idth. 

The  spectrum  of  Fig.  7  shows  that 
the  modulation  energy  has  a  tend¬ 
ency  to  spread  aw’ay  from  the  as¬ 
signed  frequency  value  F.  It  also 
shows  that  for  large  values  of  the 
modulation  index  3,  the  amplitude  of 
assigned  frequency  F  is  smaller  than 
for  no  modulation.  In  the  case  of 
Fig.  7  the  amplitude  of  frequency  F 
is  only  F„/„  =  0.1776/„  where  /„  is 
the  value  in  absence  of  modulation. 
The  amplitude  distribution  of  Fig.  7 
is  typical  of  all  distributions  which 
occur.  An  increase  of  the  value  of 
the  modulation  index  will  not  only 
cause  more  symmetrical  side  cur¬ 
rents  but  will  also  have  a  tend¬ 
ency  to  move  the  amplitude  maximum 
farther  away  from  the  amplitude  of 
center  or  assigned  frequency  F.  In 
Fig.  7  the  amplitude  maximum  oc¬ 
curs  at  frequencies  F-f-4/.  For  still 
more  remote  side  frequencies,  the 
amplitudes  fall  off  towards  insignifi¬ 
cant  values.  This  gives  a  means 
for  estimating  the  required  band 
width  directly  from  Bessel  tables. 

Inasm.uch  as  the  modulation  index 
3  is  directly  equal  to  the  maximum 
phase  swing  A0,  it  will  be  seen  that 
the  number  of  side  currents  in  phase 
modulation  is  the  same  for  all  modu¬ 
lation  frequencies  if  Afl  is  fixed.  But 
in  frequency  modulation  w’e  have 
3  =  AF  /  and  for  a  fixed  value  of  AF, 
less  side  currents  appear  in  the 
higher  audio  frequency  range  of 
modulation  currents.  As  mentioned 
already  fewer  side  currents  do  not  at 
all  mean  less  required  band  w’iath, 
since  the  required  band  w’idth  is  pro¬ 
portional  to  the  number  of  side  cur¬ 
rents  as  well  as  proportional  to  the 
order  of  magnitude  of  the  modulat¬ 
ing  frequency  /.  Hence,  it  is  pos¬ 
sible  to  cause  distributions  w’ith  un¬ 
used  frequency  space.  This  space  can 
now’  be  used  for  many  purposes. 
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Flexible  a-c  type  synchronous  control 
useful  for  spot,  seam,  pulsation  or 
roller-spot  welding.  Consistent  welds 
at  high  production  rates  result  from 
the  precise  timing  provided 


Seam  and 


Pulsation 


WELDING  CONTROLS . . .  Port  2 


Step-by-step  analysis  of  operation.  Combination  spot,  seam  and  ))iilsation  weldinj:  con¬ 
trols.  Typical  circuits  and  wavefonn  diagrams.  Special  control  circuits.  \  oltage  compen¬ 
sators,  voltage-regulating  compensators  and  current-regulating  compensators.  Automatic 
heat-adjusting  controls. 


Resistance  seam  welding  con¬ 
sists  of  making  a  series  of  suc¬ 
cessive  welds  between  two  layers  of 
metal  for  the  purpose  of  forming 
either  a  ^as-ti^ht  line  weld  or  the 
e<iui valent  of  a  series  of  spaced  spot 
welds.  Welding  current  is  applied  in¬ 
termittently  at  definite  "heat”  and 
“cool”  time  intervals  as  the  work 
progresses  between  roller-type  elec¬ 
trodes.  Successive  welds  are  thus 
made  without  breaking  the  low  re¬ 
sistance  secondary  circuit  of  the 
welding  transformer,  therefore  mak¬ 
ing  it  important  that  the  impulses  of 
welding  current  be  free  from  start¬ 
ing  transients  which  might  become 
accumulative  to  a  serious  extent. 

The  timing  circuit  of  one  type  (^f 
electronic  seam  welding  control  is 
shown  schematically  in  Fig.  1.  Only 
the  most  essential  parts  of  the  tim¬ 
ing  circuit  are  shown.  Grid-to- 
cathode  capacitors,  by-pass  capaci¬ 
tors  and  resistors,  etc.,  are  omitted 
for  the  sake  of  simplicity.  Heat 
control  by  the  phase-shift  method 
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(delaying  the  starting  cf  the  igni- 
trons  a  definite  angle  during  each 
half  cycle)  is  applied  to  the  firing 
tubes  as  explained  in  H.  L.  Palmer’s 
article  in  the  August  issue  of  Elec¬ 
tronics,  which  should  be  used  as  a 
reference  for  the  power  tube  and 
firing  tube  circuits.  The  purpose  of 
the  portion  of  the  control  circuit 
shown  by  F'ig.  1  is  to  "turn  on”  the 
firing  tubes  in  accordance  with  the 
desired  timing. 

Seam  Welding  Control  Ope-atioo 

A  portion  of  this  circuit,  including 
the  direct  current  voltage  divider 
(/?.,  AV,  R  ,  and  A’, »,  the  timing  ca¬ 
pacitor  C_.,  the  spot  length  timing 
adjustment  A.,  and  the  method  of 
applying  the  timing  voltage  t)  the 
timing  tube  3,  will  be  recognized  as 
similar  to  the  spot  length  timing  cir¬ 


cuit  described  and  shown  in  Fig.  7 
of  Mr.  Palmer’s  article.  Since  the 
timing  control  is  to  be  capable  of 
initiating  the  heat  time  intermit¬ 
tently  at  rates  as  high  as  one  cycle 
heat  and  one  cycle  cool  alternately, 
the  spot  length  initiating  relay  of 
the  spot  weld  timing  circuit  is  not 
used.  The  “heat  time”  is  initiated  by 
periodically  di.scharging  the  timing 
capacitor  C.  by  means  of  the  keying 
tube  2,  which  also  serves  as  the  “cool 
time”  timing  tube. 

All  of  the  tubes  are  gas  filled  types. 
Normally  the  relative  potential  of 
circuit  points  a,  b,  c,  d,  i.  and  /  with 
reference  to  point  O  is  approximately 
as  indicated  by  the  vertical  distance 
of  the.se  points  above  the  base  line  O 
on  the  diagram.  Normally,  the  timing 
capacitor  C-  i.'’  fully  charged,  and  the 
grid  of  the  timing  tube  3,  controlling 
transformers  T  ,  T,.  and  T  is  nega¬ 
tive  with  respect  to  its  cathode.  T 
is  a  control  transformer  which  con¬ 
trols  the  conductivity  of  the  firing 
tubes  for  starting  the  ignitron  power 
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corrtrol 

voHog* 


Fiq.  1 — Schematic  circuit  diagram  and  waveforms 
operation  of  spot,  seam  and  pulsation  welding 

tubes,  not  shown  in  this  diagram.  comes  conductive  when  the  next  peak 
is  the  feedback  transformer  which  of  grid  voltage  occurs.  Tube  2  in¬ 
triggers  the  trailing  control  tube  4  stantaneously  discharges  the  timing 
immediately  following  each  half-cycle  capacitor  Cj  to  zero  voltage.  If  the 
operation  of  tube  3.  T,  is  a  con-  timing  capacitor  C-  were  discharged 
trol  transformer  which  charges  C»  through  only  resistance  and  tube  2, 


operation  of  tube  3.  T«  is  a  con¬ 
trol  transformer  which  charges  C» 


through  tube  6  during  the  “heat  the  discharge  tube  would  continue 
time”  to  provide  the  “cool  time”  to  conduct  d.c.  from  the  d-c  control 
timing  grid  bias  on  tube  2.  The  anode  voltage  supply  and  the  capacitor 
circuit  of  tube  2  is  open  and  its  grid  could  not  recharge.  Therefore,  induc- 
is  driven  positive  instantaneously  at  tance  is  required  in  the  discharge 
a  definite  instant  during  each  cycle  circuit  so  that  the  discharge  current 
by  the  peaked  voltage  from  T,  super-  of  C*  will  be  oscillatory,  but  tube  2 
imposed  on  the  negative  d-c  compo-  allows  discharge  current  to  flow  in 


nent  of  grid  voltage  across  Rt. 


one  direction  only.  However,  this 


When  the  initiating  relay  CRi  is  permits  Cj  to  discharge  to  zero  volt- 
energized,  the  voltage  of  the  timing  age ;  it  would  be  recharged  to  a  volt- 
capacitor  Cz  is  applied  as  a  positive  age  of  opposite  polarity  having  a 
anode  voltage  to  tube  2,  which  be-  value  depending  upon  the  amount  of 

its  initial  charge  and  the  circuit  con- 
stants,  but  the  inductive  action  of 
transformer  7-,  and  regulating  action 
PUBLISHED  ^  causes  the  timing  capacitor 

to  discharge  to  zero  voltage  inde- 
Spot  Welding  Controls  pendent  of  the  amount  of  its  initial 

(August,  page  36)  charge. 

Cf*iw«%VTV  Instantly  following  the  discharge 

SCHEDULED  anode  current  of  tube  2  is 

Special  Control  Design  zero,  and  the  grid  of  the  timing  tube 

Sequence  Control  Methods  ^  positive.  This  occurs  during  the 

r,  ,  ,  half  cycle  when  the  anode  voltage  of 

nergy  orage  on  ro  s  ^  negative  and  therefore  tube 

Checking  Welding  Controls  3  conducts  during  the  next  positive 

half  cycle  and  energizes  transformer 


showing 

control 

T:.  to  turn  on  the  firing  tubes.  Tube 
4  trails,  insuring  an  even  number  of 
half  cycles  or  full  cycle  increments 
in  timing. 

The  first  half  cycle  that  tube  3  is 
conductive,  transformer  T,  is  also 
energized  and,  through  tube  6,  ap¬ 
plies  a  d-c  charge  to  the  “cool  time” 
timing  capacitor  C3.  This  drives  the 
grid  of  tube  2  considerably  negative, 
holding  this  tube  non-conductive 
while  the  timing  capacitor  C;  re¬ 
charges.  The  charge  on  C,  is  main¬ 
tained  or  replenished  during  each 
half-cycle  operation  of  tube  3  during 
the  “heat  time”  timing.  As  the  tim¬ 
ing  capacitor  charges,  the  grid  of 
the  timing  tube  3  becomes  less  nega¬ 
tive  and  at  a  definite  time,  depending 
upon  the  setting  of  the  tapped  rheo¬ 
stat  tube  3  becomes  non-conduc¬ 
tive,  thus  terminating  the  “heat 
time”  timing.  The  charge  on  the 
“cool  time”  timing  capacitor  C,  is 
therefore  no  longer  maintained  and 
Cl  discharges  at  a  rate  depending 
upon  the  setting  of  the  “cool  time” 
adjustment,  /?„. 

After  a  definite  time  interval,  C.^ 
di.scharges  sufficiently  for  the  peaked 
voltage  of  Tj  to  trigger  tube  2,  which 
again  di.scharges  the  timing  capacitor 
Cj,  thus  re-initiating  the  “heat  time”. 
The  “heat  time”  and  “cool  time" 
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C,.  Therefore,  capacitor  C*  is 
charpred  in  increments  at  the  be^in- 
nin^r  of  each  welding  current  im¬ 
pulse  in  a  direction  to  make  the  grid 
of  the  counting  tube  8  less  negative. 

After  welding  current  has  been 
initiated  a  definite  number  of  times, 
depending  upon  the  setting  of  the 
adjustment  R^,  tube  8  becomes  con¬ 
ductive.  Until  tube  8  becomes  conduc¬ 
tive,  the  shield  grid  of  tube  2  is  sub¬ 
stantially  at  cathode  potential,  but 
the  operation  of  the  counting  tube  8 
lowers  the  potential  of  circuit  point  g 
to  approximately  the  cathode  poten¬ 
tial  of  tube  2;  the  shield  grid  of  tube 
2  thereby  becomes  considerably  neg¬ 
ative  and  near  the  potential  of  circuit 
point  O.  The  negative  shield  grid 
I)otential  of  tube  2  will  prevent  its 
control  grid  circuit  from  initiating 
any  additional  welding  current  im¬ 
pulses  but  the  last  welding  current 
impulse  will  continue  under  the  con¬ 
trol  of  timing  tube  3  as  in  the  pre¬ 
ceding  cases. 

The  “Number  of  Spots”  adjust¬ 
ment  is  independent  of  the  “heat” 
and  “cool”  timing  adjustments.  The 
number  of  spots  is  usually  adjustable 
from  1  to  15  current  impulses,  the 
adjustment  for  one  spot  being  actu¬ 
ally  a  spot  weld  timing  period  instead 
a  negative  d-c  potential  to  the  extent  of  a  pulsation  weld.  The  control  is 
determined  by  the  “Number  of  designated  as  a  Spot,  Seam,  or  Pul- 
Spots”  adjustment  R^.  Each  instant  sation  Welding  control.  Fig.  2  shows 
that  the  keying  tube  2  initiates  the  this  welding  control. 

“heat”  time  interval  for  the  pulsa¬ 
tion  weld,  the  operation  of  tube  2  Oth«r  Seam  Welding  Controls 

through  the  medium  of  transformer  Those  familiar  with  electronic  con- 
T*  triggers  the  grid  of  tube  7  during  trol  circuits  will  recognize  the  tube 
the  crest  of  the  a-c  anode  voltage  2  circuit  previously  described  as  be¬ 
en  tube  7,  which  pa.sses  a  one-quarter  ing  a  modified  form  of  what  is  corn- 
cycle  current  impulse  into  capacitor  monly  designated  as  a  one-tube  thy- 


Fig.  2  —  Combination 
spot,  seam  and  pulsa¬ 
tion  welding  control  lor 
resistance  welder.  In¬ 
set  photo  shows  front 
panel  of  control 


timing  intervals  are  alternately  re¬ 
peated  until  the  initiating  relay  is 
de-energized.  It  will  be  observed  that 
the  “heat  time”  and  “cool  time" 
timing  adjustments  are  independent. 
Thus,  w’ith  the  “heat  time”  set  for 
1  cycle,  the  “cool  time”  may  be  varied 
from  1  to  30  cycles  by  merely  adjust¬ 
ing  R»\  or  the  “heat  time”  may  be 
changed  by  merely  changing  the  set¬ 
ting  of  without  affecting  the  “cool 
time”  adjustment  determined  by  Rc. 


Pulsation  Welding  Control  Operation 

Pulsation  welding  ( formerly  re¬ 
ferred  to  as  interrupted  spot  weld¬ 
ing)  consists  essentially  of  making 
a  spot  weld  by  means  of  a  spot  welder 
but  using  seam  weld  timing  for  a 
definite  number  of  current  impulses 
— for  example,  10  cycles  "heat  time”, 
and  4  cycles  “cool  time”  repeated 
alternately  for  5  current  applications 
requiring  an  overall  welding  time  of 
66  cycles.  The  seam  weld  timing  cir¬ 
cuit  shown  by  schematic  diagram 
Fig.  1  is  used  for  controlling  the 
“heat”  and  “cool”  timing.  The  com¬ 
ponent  circuit — including  tubes  7 
and  8,  and  capacitor  C, — is  used  for 
counting  the  number  of  current  im¬ 
pulses  or  heat  periods,  commonly  des¬ 
ignated  as  the  numl)er  of  spots  al¬ 
though  they  are  used  for  making  a 
single  spot  weld  by  the  pulsation 
method. 

The  oi)eration  of  the  "heat”  and 
“cool”  timing  circuits  is  the  .same  for 
seam  welding  and  pulsation  welding, 
but  switch  5,  is  clo.sed  for  pulsation 
welding.  Preceding  a  pulsation  weld, 
the  anode  circuit  of  the  counting  tube 
8  is  open,  the  capacitor  C,  is  di.s- 
charged  and  the  grid  of  tube  8  is  at 


Fig.  3 — Schematic  circuit  diagram  and  wayeforms 
showing  operation  of  seam  welding  control 
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of  grid  voltage  is  applied  to  its  grid. 

The  anode  potential  of  tube  2 
(point  b)  is  thus  lowered  to  a  poten¬ 
tial  a  few  volts  above  the  potential 
of  point  fif,  as  determined  by  the  tube 
arc  drop.  Capacitors  and  Cs  cannot 
discharge  instantly  because  of  the 
value  of  their  series  resistors  and, 
therefore,  the  anode  and  grid  of  tube 
1  are  driven  negative  with  respect  to 
its  cathode  and  tube  1  is  ex¬ 
tinguished.  Capacitor  C,  provides 
the  “heat  time”  timing  grid  bias  on 
tube  1  and  therefore  Ca  will  hold  the 
grid  of  tube  1  negative  for  a  definite 
timing  interval  determined  by  the 
“heat  time”  adjustment 

The  series  circuit  composed  of 
capacitor  C2  and  resistors  R.i,  and 
Rs  has  a  very  low  time  constant  so 
that  C2  may  discharge  to  zero  poten¬ 
tial  and  charge  up  in  the  opposite 
direction  within  a  small  fraction  of 
a  half  cycle.  Thus  the  grids  of  the 
control  tubes  3  and  4  are  made  less 
negative  during  the  “heat  time”  tim¬ 
ing  interval.  During  this  time,  capac¬ 
itor  C4  is  kept  fully  charged  by  tube 
7.  When  C*  discharges  through  R^ 
sufficiently  to  allow  the  peaked  volt¬ 
age  from  Ts  to  trigger  tube  1,  circuit 
point  C  is  lowered  to  the  former  po¬ 
tential  of  point  b  and  point  b  is 
driven  negative  with  respect  to  point 
g  by  the  amount  of  the  charge  on  C2. 
Tube  2  is  thus  extinguished  in  the 
.same  manner  as  tube  1  was  ex¬ 
tinguished  and  the  grids  of  control 
tubes  3  and  4  are  restored  to  their 
former  high  negative  voltage  value 
for  the  “cool  time”  interval.  Tube  2 
will  remain  non-conductive  for  the 
“cool  time”  timing  interval  deter¬ 
mined  by  Ct  and  the  adjustment  of 
At  the  end  of  the  “cool  time”, 
tube  2  again  becomes  conductive. 


Fig.  5 — Schematic  circuit  diagram  of  spot  welding  con¬ 
trol  with  auxiliary  voltage-regulating  compensator  control 


Fig.  4  —  Waveform  sketch  showing 
basic  operating  principle  of  compensat¬ 
ing  and  regulating  controls  for  main¬ 
taining  constant  welding  current 

ratron  inverter.  A  modification  of 
the  parallel  type  of  thyratron  in¬ 
verter  is  also  used  for  seam  welding. 
A  schematic  diagram  of  this  timing 
circuit  is  shown  in  Fig.  3. 

In  this  case,  tube  1  controls  the 
“heat  time”  and  tube  2  controls  the 
“cool  time”.  The  operation  of  the 
control  tubes  3  and  4  will  be  ex¬ 
plained  later  but  it  should  be  ob¬ 
served  that  a  negative  d-c  voltage  is 
applied  to  their  grids.  While  the 
seam  weld  initiating  switch  is  open, 
the  timing  tube  1  conducts  anode  cur¬ 
rent  continuously  and  there  is  no 
voltage  across  R„.  The  grids  of  timing 
tubes  1  and  2  have  a  negative  d-c 
grid  bias  and  a  peaked  voltage  for 
triggering  the  tubes  synchronously. 
Timing  capacitors  C3  and  C,  are  main¬ 
tained  fully  charged  by  tube  7.  When 
the  seam  weld  initiating  switch  is 
closed,  the  d-c  voltage  between 
points  a  and  g  is  applied  to  the 
anode  of  tube  2,  which  becomes  con¬ 
ductive  when  the  next  positive  peak 


thei’eby  extinguishing  tube  1  and  re¬ 
initiating  the  next  “heat  time”.  This 
operation  continues  as  long  as  the 
seam  weld  initiating  relay  remains 
energized.  , 

It  will  be  observed  that  the  “heat 
time”  and  “cool  time”  timing  adjust¬ 
ments  R2  and  Ra  are  still  independent. 
Tube  7  serves  to  charge  the  timing 
capacitors  C*  and  C*  and,  by  limiting 
the  positive  potential  of  circuit 
points  e  and  /,  it  insures  that  the 
timing  tubes  1  and  2  are  triggered 
only  by  the  synchronous  peaked  grid 
voltages.  Constant-voltage  type 
transformers  are  used  for  the  recti¬ 
fied  d-c  control  voltage  supply  and 
for  the  peaked  triggering  voltages 
for  the  grids  of  the  timing  tubes. 

The  timing  voltage  of  the  “heat 
time”  and  “cool  time”  timing  circuit 
has  a  square  waveform  and  is  applied 
to  the  grids  of  the  control  tubes  3 
and  4  in  such  a  manner  as  to  make 
the  grids  less  negative  during  the 
“heat  time”.  The  a-c  anode  voltages 
of  tubes  3  and  4  are  of  opposite  polar¬ 
ity  and  are  obtained  from  the  a-c  con¬ 
trol  voltage  supply.  Peaked  voltages 
from  transformer  Ti,  having  its  pri¬ 
mary  in  the  pha.se  shift  heat  control 
circuit,  are  applied  to  the  grids  of 
tubes  3  and  4  to  trigger  these  tubes 
at  a  definite  instant  during  each  half 
cycle  in  accordance  with  the  heat 
control  setting,  but  the  peaked  grid 
voltages  are  elevated  to  the  trigger¬ 
ing  position  only  during  the  “heat 
time”  timing  intervals. 

Transformer  T,,  in  the  anode  cir¬ 
cuits  of  the  control  tubes  3  and  4,  is 
also  of  the  peaked  voltage  type.  In 
this  case,  however,  it  is  shock  ex¬ 
cited  to  provide  peaked  secondary 
voltages  only  during  the  “heat  time” 
timing  intervals.  These  peaked  sec¬ 
ondary  voltages  are  applied  to  the 
grids  of  the  firing  tubes  5  and  6. 

Each  firing  tube  normally  has  a 
grid  voltage  consisting  of  only  two 
components,  an  a-c  bias  and  a  self 
rectified  grid  bias,  both  of  which 
make  the  grids  negative  during  the 
positive  half  cycles  of  anode  voltage 
as  shown  by  the  lower  waveform 
.sketch  in  Fig.  3.  There  are  no  com¬ 
ponents  of  grid  voltage  tending  to 
trigger  the  firing  tubes  except  dur¬ 
ing  the  “heat  time”  timing  intervals. 

Another  type  of  seam  welding  con¬ 
trol  consists  essentially  of  a  syn¬ 
chronous  motor-driven  chain  having 
extended  link  pins  for  holding  re¬ 
movable  metallic  and  non-metallic 
(Conixnued  on  page  118) 
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The  cathode-ray  oscilloscope,  as 
an  instrument  for  the  examina¬ 
tion  of  waveforms,  is  perhaps  most 
useful  in  the  study  of  transient 
phenomena,  and  in  this  connection 
recording  by  photographic  means  is 
often  essential,  and  almost  always 
useful.  Many  circuits  have  been  de¬ 
vised  for  making  this  type  of  re¬ 
cording  possible;  most  of  them  are 
rather  complicated,  rather  expensive, 
and  frequently  difficult  to  keep  in 
adjustment.  This  is  a  description  of 
a  circuit  which  seems  to  the  writer 
to  provide  a  desirable  combination 
of  simplicity,  reliability,  flexibility, 
and  usefulness. 

To  make  possible  quantitative 
measurements  of  this  type,  it  is 
es.sential  that  the  time  scale,  if  one 
be  used,  shall  be  accurately  linear, 
or  that  complicated  and  in  general 
less  satisfactory  means  be  made 
available  for  adding  time  indications 
to  the  record.  A  time  .scale  may  be 
applied  to  the  record  in  any  of  sev¬ 
eral  ways;  for  most  applications  it 
is  most  useful  to  apply  the  time 
scale  to  the  horizontal  axis  by 
means  of  a  linear  sweep  pulse  ap¬ 
plied  to  the  horizontally-deflecting 
plates.  For  frequencies  within  the 
audible  range,  this  linear  sweep 
pulse  is  perhaps  most  conveniently 
produced  by  the  charging  of  a  con¬ 
denser  through  some  type  of  con¬ 
stant-current  device;  the  voltage¬ 
time  relationship  existing  across  the 
conden.ser  under  such  conditions  is 
linear.  The  common  alternative  of 
charging  a  condenser  through  a  re¬ 
sistor,  then  selecting  a  nearly- 
straight  portion  of  the  logarithmic 
pulse  thus  produced  and  amplifying 
it,  is  usually  less  desirable  for  meas¬ 
urement  work.  The  circuit  here  de¬ 


scribed  uses  the  linear  increase 
across  a  condenser,  C  in  the  diagram, 
which  is  charged  through  a  vacuum 
tube  operating  in  a  constant-current 
condition,  and  applies  the  resulting 
pul.se  directly  to  the  plates  of  the 
cathode-ray  tube.  The  constant- 
current  tube,  r,  in  the  diagram,  is  a 
type  6SJ7,  with  90  v.  applied  to  the 
screen  grid,  and  about  5  v.  negative 
bias  applied  to  the  control  grid. 
The  tube,  under  these  conditions, 
carries  very  nearly  constant-current 
for  potential  drops  across  it  varying 
from  30  v.  to  400  v. 

Electron  Beam  Cut-off 

For  photographic  recording,  and 
sometimes  for  visual  examination  as 
well,  it  is  cttnvenient  to  have  facili¬ 
ties  for  keeping  the  electron  beam 
in  the  cathode-ray  tube  adjusted 
either  to  a  low  intensity  or  entirely 
off  except  during  the  time  that  the 
recording  of  the  event  is  actually  in 
progress.  It  is  possible,  with  such 
an  arrangement,  to  use  an  ordinary 
camera,  with  a  reasonably  fast  lens, 
for  recording;  if  the  room  light  is 
excluded,  the  camera  shutter  may 
simply  be  opened  before  the  inci¬ 
dence  of  the  phenomenon,  and  closed 
after  it.  Then,  since  there  is  no  il¬ 
lumination  of  the  screen  of  the 
cathode-ray  tube  except  during  the 
actual  time  the  event  is  in  progress, 
there  is  no  fogging  of  the  film,  and 
no  non-essential  indications  are  re¬ 
corded.  To  accomplish  this  action,  a 
suitable  potential  (a  negative  bias) 
may  be  applied  to  the  control  grid 
of  the  cathode-ray  tube,  keeping  the 
screen  intensity  down  to  as  low  a 
value  as  is  desired  during  the  wait¬ 
ing  period ;  if  then  a  suitable  posi¬ 
tive  potential  be  applied  to  the  grid. 


the  beam  will  be  made  more  inten.se, 
and  the  spot  brighter.  If,  for  ex¬ 
ample,  a  positive  pulse  of  approxi¬ 
mately  square  shape  be  applied  to 
the  grid,  the  beam  will  be  suddenly 
intensified,  kept  so  for  the  duration 
of  the  pulse,  then  as  suddenly  turned 
off  again.  If  a  linear  timing  pulse 
be  applied  to  the  horizontally- 
deflecting  plates  of  the  tube  at  the 
same  time,  the  beam  will  appear  for 
just  the  length  of  time  that  the 
brightening  pulse  lasts,  sweep  across 
the  .screen,  and  disappear.  If  there  is 
also  provision  for  applying  the  un¬ 
known  event  to  the  vertically-deflect¬ 
ing  plates  at  the  same  time  as  the 
other  two,  then  the  record  is  made  by 
a  single  excursion  of  the  luminous 
spot  across  the  .screen  of  the  cathode- 
ray  tube,  and  there  are  no  indica¬ 
tions  either  before  or  after  the  event 
which  might  confuse  the  record. 
This  type  of  modulation,  in  terms  of 
brightness,  may  be  installed  in  nearly 
all  commercial  oscillo.scopes ;  there  is 
one  at  least  on  the  market  which 
has  such  provision. 

In  the  writers  circuit,  the  .square 
pulse  for  brightening  is  produced 
by  the  potential  drop  across  a  re¬ 
sistance,  Ri,  in  series  with  the 
charging  circuit  of  the  sweep  con¬ 
denser  C.  Current  flows  through  this 
resistance  only  while  the  condenser 
is  being  charged,  and  the  current 
at  those  times  is  held  to  a  constant 
value  by  the  tube  V,.  There  is  thus 
a  square  pulse  produced  to  accom¬ 
pany  each  linear  timing  pulse.  This 
square  pul.se  is  am{)lified  and  made 
positive  in  polarity  by  the  amplify¬ 
ing  pentode  V.,,  another  6SJ7  operat¬ 
ing  under  recommended  conditions 
as  a  voltage  amplifier.  The  magni¬ 
tude  of  the  brightening  i>ul.se  is  con- 
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trolled  by  the  setting  of  the  potentio-  that  the  tube  will  fire  when,  and  only  specified  number  of  pulses,  these 
meter  R,.  This  adjustment  controls  w'hen,  a  small  positive  pulse  is  ap-  have  not  been  diagrammed,  in  order 

the  intensity  of  the  beam  of  elec-  plied  to  the  tube  control  grid.  An  that  the  description  may  remain 

trons  and  therefore  the  brightness  isolating  circuit  is  introduced,  so  more  general.  The  circuit  shown 

of  the  spot  on  the  screen  of  the  cath-  that  the  initiating  or  synchronizing  requires  positive  pulses  of  at  least 

ode-ray  tube  during  recording;  some  pulse  is  applied  directly  to  the  grid,  one  volt  magnitude  for  reliable 

care  must  be  taken  to  keep  the  focus  A  continuously  recurrent  sweep  may  synchronization, 

of  the  spot  good.  This  is  not  be  obtained  also  when  switch  S,  is  With  the  constants  diagrammed,  a 
difficult.  closed,  shorting  out  a  portion  of  the  sweep  pulse  having  a  magnitude  of 

•  A  circuit  such  as  this,  for  greatest  negative  voltage  divider,  and  raising  more  than  100  v.  is  obtained.  If  a 
usefulness,  should  be  so  constructed  the  bias  applied  to  the  control  grid  higher  voltage  supply  is  used,  the 
that  its  operation  may  be  initiated  of  F,  to  the  point  where  it  will  fire  same  circuit  will  provide  a  higher 

by  some  external  signal ;  this  will  each  time  the  voltage  across  the  con-  voltage  output  pulse.  The  brighten- 

usually  be  the  event  itself,  or  some  denser  C  reaches  a  suitable  magni-  ing  pulses  may  be  adjusted  to  ampli- 
accompanying  event.  In  this  circuit,  tude.  To  summarize,  potentiometer  tudes  of  more  than  100  v. 
the  provision  for  such  initiation  of  is  adjusted,  with  switch  So  open.  Several  modifications  of  this  cir- 
action  is  afforded  by  the  bias  ar-  until  the  tube  will  fire  each  time  a  cuit  have  been  tested  by  the  writer; 
rangement  for  the  control  grid  of  small  positive  synchronizing  pulse  is  the  one  diagrammed  has  proved  most 
the  gas  triode  tube  F.,  a  type  884.  applied  to  its  grid.  If  S3  is  then  satisfactory.  It  may  be  operated 
In  the  waiting  condition  condenser  C  closed,  the  tube  will  fire  each  time  conveniently  from  battery  supply, 
is  charged.  The  cycle  of  operation  the  condenser  reaches  full  charge,  except  that  the  heater  current  foi¬ 
ls  as  follows:  when  a  signal  of  posi-  and  a  recurrent  sweep  is  produced,  the  tubes  represents  a  fairly  high 
tive  polarity  is  received  at  the  grid  At  the  same  time,  for  each  linear  drain  from  batteries.  The  total  drain 
of  Vo,  C  is  discharged  very  suddenly  sw-eep  pulse,  whether  single  or  recur-  from  the  B  supply  is  only  a  few 
through  that  tube;  the  condenser  is  rent,  there  is  produced  a  square  milliamperes.  The  unit  has  also  been 
then  recharged  at  a  constant  rate  brightening  pulse,  synchronized  with  operated  from  power  supplies  from 
through  the  constant-current  tube  it,  and  controllable  in  magnitude.  the  a-c  mains;  but  with  the  battery 
F„  producing  both  the  linear  sweep  A  control,  R-.,  for  the  magnitude  of  supplies  for  the  screen  and  control 
pulse  and  the  brightening  pulse;  the  the  synchronizing  pulses  is  provided,  grids  of  F,  retained.  It  has  not  been 
circuit  is  then  back  to  the  waiting  Although  circuits  are  available  for  found  satisfactory  to  eliminate  the.se 
position.  A  fixed  bias  is  applied  to  selecting  synchronizing  pulses  of  batteries,  and  since  their  life  is  quite 
the  grid  of  the  discharge  tube,  by  specified  character,  or  for  blocking  long  in  normal  operation,  it  does  not 
means  of  R,.  This  bias  is  so  adjusted  the  action  after  one  or  some  other  seem  to  be  worth  worrying  about. 

The  battery  providing  the  control 
grid  bias  for  F,  has  in  its  circuit  a 
switch  jSi  which  is  mechanically 
coupled  to  the  off-on  switch,  so  that 
there  is  no  drain  on  any  battery  when 
the  unit  is  not  in  operation.  Poten¬ 
tiometer  P,  in  this  circuit  is  the  fine 
adjustment  on  the  duration  of  the 
pulses,  and  consequently  the  fine  ad¬ 
justment  for  the  sw'eep  frequency 
when  the  unit  is  producing  a  recur¬ 
rent  sweep. 

Operating  Notes 

It  has  been  the  writer’s  experience 
that  commercial  gas  triodes  vary 
somewhat  between  individual  tubes; 
it  is  usually  necessary  to  make  new 
bias  adjustments  when  tubes  are 
changed,  and  occasionally  during  the 
life  of  a  tube. 

The  brightening  pulse  is  not  a  per¬ 
fect  square  wave  at  low  frequencies, 
but  is  slightly  rounded  off  at  its 
terminus;  this  is  of  little  consequence 
in  any  but  the  most  exacting  appli¬ 
cations,  and  can  be  largely  avoided 
if  neces.sary  by  bringing  up  the  low- 
frequency  response  of  the  amplifier 
\\.  No  appreciable  inaccuracy  is  in¬ 
troduced  by  the  effect,  since  the  de- 
(Coutinned  on  fxige  Hi) 
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Simplified  Inductance  Chart 


The  inductance  and  Q  of  solenoidai  or  inulti-laver  coils  wound  on  a  cylinder  are  reatlily 
ileterinined  from  the  accompanying  graphs  when  the  dimensions  of  the  coil  are  known. 
Effect  of  insulation  in  re<hicing  space  factor  considered.  Skin  effect  considerations  are  also 
discussed  in  the  text 


^  accompanying  chart  is  useful  for 

!  A  preliminary  design  of  air-core  coils 

wound  upon  a  cylindrical  surface.  De¬ 
rived  from  Stefan’s  formula  given  in 
Bureau  of  Standards  Circular  74,  it 
[  primarily  covers  multiple  layer  coils, 

but  as  a  limiting  case  also  covers 
I  solenoids  and  pancakes. 

I  W'ith  a  coil  of  specified  shape  and  a 

uniform  winding,  the  geometric  in- 
!  ductance  is  proportional  to  a  dimension 

and  to  the  .square  of  the  total  number 
j  of  turns.  For  engineering  purposes, 

'  the  basic  dimension  may  well  be  the 

inside  diameter  in  inches,  here  desig- 
[  Mated  D,  which  remains  fixed  as  the 

j  coil  is  wound.  Shape  is  expressed  by 

[  the  ratio  of  the  winding  space  IF,  and 

the  thickness  of  the  winding  T,  to  the 
basic  dimension  D.  In  winding  solen¬ 
oids,  T/D  remains  fixed,  and  in  wind¬ 
ing  pancakes  or  multiple  layer  coils, 
W/P  remains  fixinl.  For  convenience, 
let  the  two  shape  variables  be  x  =  W / P 
and  y  =  T/P. 

The  geometric  inductance  in  micro¬ 
henries,  definable  as  the  inductance  at 
very  low  frequencies,  is  equal  to  the 
internal  diameter  P  in  inches,  multi¬ 
plied  by  the  square  of  the  total  number 
of  turns  N-,  and  by  the  shape  factor 
P L  (ff.  J/)-  On  the  chart,  the  heavy 
lines  of  constant  F,  ranging  from  0.02 
to  0.05  enable  F,,  to  be  determined  with¬ 
in  a  very  few  percent  for  shape  values 
of  X  and  y  up  to  unity.  P’or  example  at 
X  =  0.75,  {/  =  0.50  corresponding  to  the 
illustrated  coil  shape,  F,,  is  0.028.  Thus 
if  a  coil  of  0.015  henry  is  desired  on  a 
form  P  =  2,  ir  =  1.5,  with  T  to  be  ap¬ 
proximately  but  not  exceeding  1  inch, 
then  application  of  the  formula  shows 
about  520  turns  are  required.  Since 
the  cross  .section  of  the  winding  space 
is  S=\VT  =  D*  (j*}/),  or  1.5  sq.  in., 
wire  must  be  used  giving  about  340 
turns  per  .sq.  in.  For  example  the 
large.st  DCC  wire  which  can  be  used  is 
No.  18,  which  winds  about  378  turns 
per  .sq.  in.  Revised  estimates  indicate 
the  required  inductance  will  be  reached 
with  524  turns  of  such  wire  at  y  =  0.40. 

The  important  reference  shape  indi¬ 
cated  by  M  at  x^  y  =  0.5  is  that  for 
which  a  given  amount  of  specified  wire 
yields  the  maximum  possible  inductance 
for  this  type  of  coil.  For  example,  wire 
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llintniitutil  Umrarrh  Vorp., 
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tables  indicate  a  pound  of  No.  24  DCC 
wire  occupies  7.07  cu.  in  and  winds 
1215  turns  per  sq.  in.  Using  the  volume 
formula  U  =  HD’  (xy)  (I  +  y) ,  the 
value  of  D  for  a  coil  with  7.07  cu.in.  of 
winding  space  and  x  =  y  =  0.5  is  1.82 
inch.  The  cross  section  of  the  winding 
space  N  P"  (xy)  is  0.83  sq.  in.  and 
will  be  filled  by  1010  turns.  Since 
F,_  =  0.035  for  this  shape,  the  induc¬ 
tance  is  now  readily  found  to  be  0.00 
henry,  as  the  maximum  po^Jsible  for 
the  specified  amount  of  wire  and  the 
shape  restrictions  applying  to  this 
chart. 

Since  No.  24  DCC  wire  runs  about 
18.4  ohms  per  pound,  and  the  maximum 
of  0.06  henry  has  been  established  for 
the  pound,  it  readily  follows  that  the 
specified  material  cannot  yield  a  greater 
value  of  the  quality  factor  Q  than  20 
per  kc.  Wire  economy,  however,  is  not 
always  the  determining  element  in- 
rtuencing  the  choices  of  the  coil  shape. 
For  example  a  shape  x  =  j/  =  0.75 
might  be  u.sed  if  a  low  frequency  coil 
of  a  specified  Q  is  desired  with  economy 
of  outside  diameter.  Or  a  shape 
X  =  0.7,  //  =  0.4  might  be  preferre<l 
if  the  coil  is  to  be  coupled  to  an  addi¬ 
tional  outer  winding.  Or  a  shape 
X  =  0.5,  y  =  0.05  might  be  cho.sen  for 
use  in  a  high  frequency  application. 
Some  general  information  placing  an 
upper  limit  on  the  possible  Q  for  coils 
of  this  type  is  included  by  use  of  dotted 
lines  F„  ranging  from  5  to  40.  F’or 
coils  wound  with  commeixdal  annealed 
copper,  the  Q  at  08°  F,  and  at  /  kc 
cannot  exceed  P-fFi^(x,y),  with  Fg 
as  here  determinable. 

The  upper  limit  for  a  coil  with 
D  =  1.82,  x  =  ;/~0.5  as  above  dis¬ 
cussed,  by  the  formula  is  Q  <  51.5  at 
1000  cycles.  This  is  ba.sed  upon  the 
winding  space  being  entirely  occupied 
by  conducting  material.  No.  24  DCC 
wire  requires  0.00082  sq.  in.  of  winding 
space  per  turn,  but  the  cross  section 
of  the  copper  is  only  0.00032  sq.  in. 
That  is,  only  39  percent  of  the  winding 
space  is  effective,  and  for  this  w’ire. 


the  Q  at  1000  cycles  cannot  exceed  0.39 
times  the  theoi-etical  maximum. 

For  reference,  the  cut  down  si)ace 
factor  for  circular  wires  with  the 
thinnest  and  thickest  usual  types  of  in¬ 
sulation  can  be  estimated  from  the 
table. 

Space  Factors  for  Various  Wires 
AWG  Size  Enameled  Double  Cotton 


10 

0.73 

0.62 

20 

0.68 

0.435 

30 

0.645 

0.23 

40 

0.585 

0.056 

Skin  Effect  Considerations 

.\t  high  frequencies,  the  non-uniform 
distribution  of  current  in  the  conduct¬ 
ing  material  itself  further  reduces 
the  effective  space  factor.  Litzendraht 
wire,  made  by  paralleling  several  small 
enameled  wires,  improves  the  effective 
space  factor  by  reducing  the  amount 
of  copper  w'hich,  due  to  the  skin  ef¬ 
fect,  does  not  contribute  to  the  actual 
conduction.  Thus  a  litz  wire  desig¬ 
nated  4X8X38,  comprising  32  strands 
of  No.  38  wire  has  the  same  cross  sec¬ 
tion  of  copper  as  a  No.  23  single  con¬ 
ductor.  The  physical  space  factor  of 
the  litz  is  about  half  that  of  its  No.  23 
equivalent  with  double  cotton  insula¬ 
tion,  and  it  is  therefore  not  at  all 
desirable  for  low  frequency  purposes. 
But  the  total  surface  of  the  strands 
composing  the  litz  wire  is  about  seven 
times  that  of  the  equivalent  single  con¬ 
ductor.  Therefore  on  the  assumption 
that  only  material  close  to  the  surface 
actually  carries  current,  at  high  fre¬ 
quencies  the  effective  space  factor  of 
the  litz,  while  not  large,  would  be 
about  3.5  times  that  of  a  No.  23  DCC 
wire. 

Other  well  known  effects  also  cause 
the  actual  Q  and  to  a  lesser  extent  the 
L  of  practicable  coils  to  differ  from 
the  values  computable  from  the  coil 
geometry  and  the  d-c  resistivity  of  the 
conducting  material.  Proper  allowance 
for  these  effects  is  largely  a  matter 
of  experience  or  application  of  formulas 
based  upon  experiments.  What  is  here 
presented  is  merely  graphical  infor¬ 
mation  based  upon  well  established 
formulas,  with  sufficient  precision  for 
purposes  of  preliminary  design. 
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INDUCTANCE  CHART 


Ro+io  Qp  Coll  Width  to  Inner  Diameter  x=  W/D 


Inductance  in  Microhenries  is  Given  By 

L^DNVL(x.y) 

Where  D  is  the  Inner  Diameter  of  the  Coil  in  Inches 
NJ  is  the  Total  Number  of  Turns  of  the  Coi  I ,  and 
hL(*.y)  is  the  Shape  Factor  For  Inductance  Calculations, 
as  Given  by  the  Heavy  Lines  of  the  Graph. 

The  Mavirpum  Inductance  for  a  Given  Amount  of  Wire 
is  Obtained  for  Coils  Whose  Shape  Factor  is  at  the  Region 
M  for  Which  x  =  0.5  and  y  =  0.5 

i 

Upper  Limit  of  Coil  Quality  is  given  by 
Q=D"fFQ(y.y) 

Where  D  is  the  Inner  Diameter  of  the  Coil, in  Inches, 

N  is  the  Total  Number  of  Turns  of  the  Coil ,  and 

is  the  Shape  Factor  for  Coil  Q  Given  by  the  Dotted 
Lines  of  the  Graph. 
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TUBES  AT  WORK 

Electronics  Serves  Transportation  Industry .  63 


on  the  air  in  June;  66  from  the  trans¬ 
portation  department,  13  from  the 
electrical  department  and  27  from  the 
utility  department.  Over  100  additional 
men  are  eventually  to  be  licensed, 
according  to  the  management. 


Audio  Frequency  Compensating  Circuits .  63 

High  Speed  Relay  and  Switch  Tester .  70 


Electronics  Serves 
Transportation  Industry 

Chicago  Surface  Lines,  operating  an 
extensive  transit  system  in  the  city 
forming  part  of  the  firm’s  name,  has 
installed  a  modern  two-way  radio  com¬ 
munication  system  to  facilitate  traffic 
handling  and  equipment  maintenance. 
The  installation,  according  to  Transit 
Joumal,  was  made  by  Motorola. 

I 


WAYH,  operated  by  Chicago  Surface  Lines. 
The  tower  it  250-it.  high 


A  250-watt  FM  transmitter  installed 
in  a  small  building  located  on  the  com¬ 
pany’s  property  near  the  w’estern 
boundary  of  the  city  and  about  midway 
between  its  north  and  south  boundaries 
operates  as  WAYH  on  39,860  kc,  ij 
remotely  controlled  and  gives  adequate 
coverage  despite  the  fact  that  some  sur¬ 
face  lines  are  25  miles  or  more  long. 
Mobile  stations  at  present  include  18 
Chevrolet  squad  cars  equipped  with 
receivers,  50-watt  transmitters  and 
whip  antennas,  10  tower  trucks  simi¬ 
larly  equipped  but  employing  horizontal 
antennas  to  avoid  interference  with 
overhead  power  wires,  and  5  general 
utility  cars.  The  present  total  of  33 
mobile  units  is  eventually  to  be  in¬ 
creased  to  49.  All  radio-equipped  cars 
have  heavy-duty  storage  batteries  and 


generators  capable  of  keeping  batteries 
charged  even  if  radio  equipment  is  op¬ 
erated  continuously. 

The  city  has  been  divided  into  15 
districts  and  a  squad  car  continuously 
patrols  each  of  these  districts.  Thus 
squad  cars  may  report  instantly  when 
traffic  conditions  appear  to  warrant 
changes  in  dispatching  and  the  dis- 


Squad  car  transmitters  and  receivers  are 
installed  behind  the  driver's  seat 


A  tower-truck  driver  calls  the  dispatcher 


patcher’s  office  may  issue  the  necessary 
instructions  for  further  clearing  up  of 
jams  through  local  action.  Repair  and 
maintenance  trucks  may,  similarly,  be 
dispatched  to  locations  requiring  their 
services  with  a  minimum  of  communica¬ 
tion  delay. 

A  total  of  106  men  employed  by  the 
transit  company  had  received  FCC  op¬ 
erator’s  licenses  when  the  system  went 


Audio  Frequency 
Compensating  Circuits 

By  Stanley  Cutler 

Radio  Division,  Air  Associates,  Die. 

During  the  past  several  years  it 
has  become  increasingly  clear  that 
a  flat  response  does  not  necessarily 
represent  the  ideal  characteristic  for 
an  audio  system  terminating  in  an 
acoustic  device  such  as  a  loudspeaker. 
Certain  inherent  characteristics  of  the 
human  ear  cause  the  sensation  of 
reproduced  sound  to  seem  more  realis¬ 
tic  when  both  the  high  and  low  fre¬ 
quency  ends  of  the  audio  spectrum  are 
boost^  some  fifteen  or  twenty  db  above 
the  level  of  the  middle  frequencies. 
The  actual  accentuation  desired  varies 
with  the  type  of  program  material  and 
with  the  average  level  at  which  it  is 
being  reproduced. 

Various  circuits  have  been  devised 
to  accomplish  the  above.  It  is  the  pur¬ 
pose  of  this  article  to  briefly  review 
in  a  qualitative  manner  a  few  of  the 
more  popular  circuits  in  use,  at  the 
same  time  pointing  to  the  weak  points 
of  each.  Finally,  a  circuit  will  be  de¬ 
scribed  w'hich  accomplishes  the  desired 
results  with  a  minimum  of  complica¬ 
tion  and  without  the  disadvantages  of 
the  preceding  circuits. 

For  most  types  of  program  material 
a  gradual  low-frequency  rise  from  500 
cps  to  a  peak  at  50  cps,  of  between  15 
and  20  db  above  the  500  cps  level,  is 
ideal.  The  high-frequency  end  may 
rise  gradually  from  1000  cps,  reaching 
a  peak  of  between  15  and  20  db  above 
the  1000  cycle  level  at  about  6000  cps. 
For  wide-range  systems  it  is  desirable 
to  obtain  the  maximum  response  in  the 
10,000  cps  region. 


Cotiventionnl  Circuits 


Figure  1  shows  a  circuit  widely  used 
in  radio  receivers  and  public  address 
amplifiers.  It  depends  for  its  operation 
on  the  fact  that  the  gain  of  a  vacuum 
tube  voltage  amplifier  is 


Gain 


u)  R. 

R.  +  R, 


Obviously,  if  R,  is  large  compared  to 
Rf,  increases  in  R,  will  have  little  ef¬ 
fect  on  gain.  However,  in  the  region 
where  R,  is  small  in  magnitude  com¬ 
pared  to  /?p,  changes  in  R,  will  have 
considerable  effect  on  gain.  R  in  Fig. 
1  has  a  small  value  compared  to  the 
plate  resistance  of  the  tube  and  de¬ 
termines  the  gain  at  middle  frequencies. 
Parallel  resonant  circuits  tuned  to  ap¬ 
proximately  the  peak  frequencies  de¬ 
scribed  earlier  are  inserted  in  series 
with  R.  The  gain  of  the  stage  is  maxi¬ 
mum  at  the  resonant  frequencies.  Vari- 
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Type  No. 

Price 

No.  of 

1  CATHODE 

PLATE 

Shipping 

Electrodes  ^ 

1  Volts 

Amp 

Peak 

Volts  ' 

Peak 

Amp  1 

Weight 
in  Lb 

This  Bulletin 

GL-8013 

$12.00 

2 

2.5 

5.0 

40000 

0.250 

3 

GL-8020 

31.50 

2 

5.0 

6.0 

40000 

1  0.750 

3 

i  GET-988 

FP-92 

155.00 

2 

10 

14.5 

150000 

'  0.3 

9 

GET.734 

GL.41I 

130.00 

2 

10 

14.5 

100000* 

0.3 

9 

GET-734 

KC-4 

140.00 

2 

20 

24.5 

150000 

1.0 

'  9 

GET-734 

L*150000  volts  ir 

1  oil. 

J 

■■■ 

mmn 

^  ^ 

The  sale  of  these  tubes  conveys  no  license  either  expressed  or  implied  under  patents 
of  the  General  Electric  Company  other  than  those  covering  the  tubes  themselves. 


YOU  doubtless  realize  that  the  kenotron  is  one  of  the 
oldest  and  most  useful  members  of  the  electronic- 
tube  family.  General  Electric  kenotrons  are  designed 
particularly  for  use  in  high-voltage  rectifier  circuits, 
where  the  current  requirements  are  relatively  low  as 
compared  with  the  heavy  currents  required  for  applica¬ 
tions  such  as  welding.  They  were  quickly  accepted  by 
industry  because  of  the  wide  range  of  voltages  which 
they  cover — up  to  the  hundreds  of  thousands.  Their 
inherent  features  assure  ease  of  installation,  circuit  flex¬ 
ibility,  and  freedom  from  the  bother  of  manual  control. 

Early  applications  of  G-E  kenotrons  included  their 
use  in  high-voltage,  d-c,  cable-testing  equipment,  smoke 


precipitators,  and  in  the  p>ower  supply  for  X-ray  equip¬ 
ment  and  for  radio  transmitters  and  receivers.  More 
recently  kenotrons  have  been  applied  also  in  the  manu¬ 
facture  of  abrasive  papers  and  in  air-filtering  equipment 
for  stores,  factories,  and  homes.  The  impetus  of  war  has 
stimulated  their  use  in  many  fields.  “New  worlds  to 
conquer’’  still  lie  ahead.  Put  G-E  kenotrons  to  work  on 
new  jobs. 

We  invite  you  to  write  to  us  for  technical  data  sheets 
on  kenotrons  and  other  G-E  tubes,  and  for  descriptive 
information  on  G-E  apparatus  using  electronic  tubes. 
Gene.al  EleciftC  Company,  Radio,  Television,  and  Elec¬ 
tronics  Department,  Schenectady,  N.  Y. 


WORLD  LEADER  IN  RADIO,  TELEVISION,  AND  ELECTRONIC  RESEARCH 


fllCH-VACUUM  RICTIFIERS  FOR 
HIGH-VOITAGF  RIQUIRIMINTS 


MAKING  SANDPAPER.  An  elertroroat- 
ing  process  using  G-E  kenotrons  was 
developed  by  the  Behr-Manning  Corptora- 
tion.  The  adhesive  barking  for  the  paper 
and  a  conveyor  belt  covered  with  finely 
divided  abrasive  particles  are  passed  be 
tween  two  electrodes.  The  electrostatic 
field  developed  by  the  kenotrons  between 
the  backing  and  the  belt  polarizes  the 
particles,  and  they  are  hurled,  endwise, 
into  the  adhesive.  (Picture  shows  paper 
on  drying  racks. 


RECOVERING  VALUABI 
PARTICLES  from  flue  gases 
smelters,  sulphuric-acid  plant 
cement  mills,  plants  for  d 
tarring  natural  gases,  etc.  I 
many  applications,  as  in  tl 
fly  .  ash  precipitator  above,  pr 
cipitators  powered  by  ken 
trons  are  used  to  remove  sol 
particles  from  factory  smol 
which  would  otherwise  be  d 
posited  over  the  surrouiuiii 
country. 


TESTING  ELECTRIC  CABLE.  Cable  manufacturers  use 
kenotrons  to  supply  the  high-voltage  direct  current 
necessary  for  testing  insulation  resistance.  In  testing 
installed  cable,  kenotrons  supply  power  that  helps 
locate,  both  quickly  and  accurately,  poor  joint  work 
and  incipient  cable  faults  that  might  result  in  service 
failures.  Such  fault  locators  help  sp>eed  repairs,  especi¬ 
ally  for  underground  cable. 


The  1 ,400,000-volt  constant 
potential  X-ray  equipment  ^ 
installed  at  the  National 
Bureau  of  Standards  utilizes 
kenotrons  to  develop  the  high 
potential.  The  d-c  generator 
(double  stack  at  left)  consists 
of  a  high-voltage  resistance 
potentiometer  (narrower  col¬ 
umn),  and  10  individual  volt- 
agedoubling  rectifiers,  cas¬ 
caded  one  above  the  other 
wider  stack),  using  two  keno¬ 
trons  in  each  140-kv  stage. 

The  stacks  at  right  arc  10- 
•ettion  X-ray  tubes,  one  being 
a  spare. 


Electronic  Engineers, 
morrow’s  Applications 
Up  to  You! 


AIR  FILTERING,  in  factory  and  home, 
IS  a  highly  efficient  pro<-ess  when  the 
principle  of  electrical  precipitation  is 
used.  The  air  is  ionized.  The  negatively 
charged  dust  and  dirt  adheres  to  prosi- 
tively  charged  plates.  Even  small  parti¬ 
cles  that  defy  all  other  air-cleaning 
devil  es  can  be  removed.  As  shown, 
kenotrons  arc  used  in  the  power  supply. 


f  "f**  for  EMcoltortee  *toi 
'Ordtd  to  97.780  Conorot 
ontployoot  in  sir  plantt 
tuning  noral  oguipmonr 


General  Electric,  Section  162-4 
Schenectady,  N.  Y. 


Please  send  me  the  items  checked: 

Bulletins  on  kenotrons  □162-1,  □GEA-3867, 

□  GEA-3315,  □MAQ-114;  also  installation  and 

operating  instructions  and  technical  data  sheets  on 
the  following  tube  types; 
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tapbcaaiaats.  (OCA-  ioT^a*  Ita.  (GEA*  Ash  For  MAO- 
m7)  1115)  ..  114A. 
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feedback  to  establish  the  middle  fre¬ 
quency  level  and  employs  some  means 
of  decreasing  or  removing  feedback 
entirely  at  low  and  high  frequencies. 
There  are  many  variations  of  this 
type  of  circuit.  A  typical  one  is  shown 
in  Fig.  2.  Here,  feedback  provides 
degeneration  across  /?,  and  R^,  which 
determines  the  gain  at  middle  fre¬ 
quencies.  With  L  and  C  connected 
directly  across  /?,  and  the  feedback 
is  decreased  at  low  and  high  frequencies 
respectively  and  the  stage  gain  is  con¬ 
sequently  greater  at  these  frequencies. 

Since  the  inductance  L  is  in  series 
with  the  input  voltage  to  the  tube 
here  again  a  well  shielded  coil  is  usu¬ 
ally  necessary  to  prevent  hum  pickup. 
Circuits  of  this  type  must  also  be  de¬ 
signed  carefully  when  using  elements 
of  a  reactive  nature  inasmuch  as  phase 
shifts  may  occur  in  sufficient  degree  to 
produce  positive  feedback  at  the  ex¬ 
tremely  low  and/or  high  frequencies, 
thus  causing  oscillation  or  unstable 
operation. 

A  simpler  circuit,  which  does  not  in¬ 
volve  the  use  "of  a  vacuum  tube  to 
obtain  the  desired  characteristic,  is 
shown  in  Fig.  3.  Here  the  loss  at 
middle  frequencies  in  passing  through 
the  network  is  given  by 

JU  T  _ _  "1"  ^2 


—►75 
grid  of 
fbfiotving 
stage 


CjCXWuMf) 


R,  (100.000) 

Ri(5000) 


:Ca(0.05^) 


Note:  Tube  cfrid 
only  toad 


Below  this  frequency  the  voltage  ap¬ 
plied  to  the  grid  of  the  following  stage 
will  vary  inversely  with  frequency  be¬ 
cause  of  the  increasing  reactance  of 
C,  and  the  network  loss  at  any  low 
frequency  will  be 


To  control  the  amount  of  bass  boost 
it  is  only  necessary  to  prevent  the  re¬ 
actance  of  Cl  from  rising  above  the 
value  necessary  to  produce  the  desired 
boost.  This  is  accomplished  by  con¬ 
necting  a  variable  resistor,  having  a 
maximum  value  that  is  large  compared 
to  the  reactance  of  Cj  at  the  lowest  de¬ 
sired  frequency,  across  the  condenser. 
When  the  resistance  is  zero  the  loss 
will  be  uniform  at  all  frequencies. 
Between  zero  and  maximum  resistance 


Fig.  7 — Characteristics  oi  the  improved  circuit  with  controls  set  for  maximum 
high  and  low  frequency  boost 
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COMMUNICATION  PARTS 


serving  in  an  i 
army  of  uses  •  •  •  ^ 
giving  their  utmost 


Of  the  right  metal,  CINCH  parts,  sockets,  binding  posts, 
terminal  strips,  lugs  .  .  .  are  skillfully  designed  to  Fit  the 
requirement,  durably  made  to  give  lasting  satisfaction  . . . 
always  the  smallest  CINCH  part  can  be  depended  upon 
in  the  biqqest  job — in  the  front  line  of  communications. 


MANUFACTURING  CORPORATION 

2335  West  Van  Buren  Street,  Chicago 
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CALLITE  TUNGSTEN  CORPORATION 


the  bass  boost  will  be  oontinuouslj 
variable. 

The  equivalent  circuit  used  for  higi 
frequencies  is  shown  in  Fig.  5.  If  th. 
network  is  operated  into  a  very  higl 
impedance  load  such  as  is  presentei! 
by  the  grid  circuit  of  a  vacuum  tubi 
the  series  arm  R.  may  be  added  with 
out  affecting  the  characteristics  pre¬ 
dicted  in  the  preceding  paragraph 
Neglecting  the  effects  of  stray  circuit, 
and  tube  input  capacitance  and  assum¬ 
ing  the  reactance  of  C,  is  small  com 
pared  to  that  of  R..  as  is  usually  true  ir. 
practice,  the  voltage  applied  to  th<. 
grid  is  given  by 


Since  C.  is  small  no  appreciable  high 
frequency  boost  occurs  when  it  is  con¬ 
nected  to  the  junction  of  R.  and  R,  in¬ 
stead  of  the  grid.  To  provide  continu¬ 
ously  variable  boost  it  is  only  necessary 
to  make  R^  a  potentiometer,  connecting 
the  grid  end  of  C,  to  the  variable  arm. 

The  combined  circuit,  with  suitable 
values,  is  shown  in  Fig.  6.  The  overall 
response  of  this  network  when  used  in 
a  wide  range  amplifier  is  shown  in 
Fig.  7.  The  curve  was  made  with  the 
controls  set  for  maximum  low'  and  high 
frequency  response.  With  amplifiers 
of  limited  range  it  may  be  necessary  to 
increase  the  size  of  C.  in  order  to  ob¬ 
tain  sufficient  rise  at  the  upper 
frequency  limit  of  the  amplifier.  Al¬ 
though  a  circuit  of  this  type  neces- 


CLIPPER  EFFICIENCY 

GAMMATRONS 

...  with  their  special  CALLITE 

TUNBSTEN  FILAMENTS 


Radio  equipment  on  the  great  Pan-American  Clippers  is 
specially  engineered  for  super-stamina.  Commissioned  to  de¬ 
velop  a  high-efficiency  tube  that  would  operate  directly  from 
aircraft  batteries,  Heintz  &  Kaufman  created  the  Gammatron 
158  —  with  two  triodes  in  one  envelope  and  a  power  output 
rating  of  100  watts. 

In  selecting  the  most  reliable  components,  these  electronic 
pioneers  turned  naturally  to  Callite  for  filaments  of  Callite 
tungsten.  Their  success  in  this,  as  in  other  brilliant  Gammatron 
achievements,  leans  heavily  on  the  dependable,  uniformity  of 
Callite  precision  production.  Meeting  exacting  requirements 
is  “routine”  with  Callite  technicians.  That’s  why  you  can 
always  count  on  Callite! 


STEEL  FLAW  DETECTOR 


Specialists  in  the  manufacture  of  electrical  contacts 
of  refractory  and  precious  metals,  bi-metals,  lead-in 
wires,  filaments  and  grids  —  formed  parts  and  raw 
materials  for  all  electronic  applications. 


All  our  material.^  are  subject  to  priorities.  Y  ou  will  facilitate  production 
and  expedite  deliveries  by  supplying  properly  executed  Preference  Rating 
Extensions  with  your  orders. 


C.  S.  Williams  of  Westinghouse  demon¬ 
strates  a  method  of  detecting  sub-suriacc 
flaws  in  heat-treated  steel  parts  such  as 
bearing  races.  The  part  is  rotated  by  a 
motor,  magnetized,  and  the  resulting  electro 
magnetic  field  induced  in  the  coil  of  o 
pickup  feeding  a  CRO.  Flaws  produce  a 
non-uniform  field,  show  up  as  a  pattern 
variation  on  the  screen 


'tuncstcn' 
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WHAT  IS  THE  BEST  RESISTOR? 


Generally  it  is  the  resistor  that  most  per¬ 
fectly  fits  the  special  requirements  of  the  ap¬ 
plication  for  which  it  is  intended — the  one 
that  best  meets  the  conditions  under  which 
it  is  used. 

There  are  many  basically  good  and  depend¬ 
able  types  and  makes  of  resistors  available. 
Each  has  its  own  peculiarities  and  limitations 
inherent  in  its  design  and  construction.  Each 
one’s  success  or  failure  in  service  therefore 
depends  primarily  upon  its  suita¬ 
bility  for  the  particular  job  it  has 
lo  do. 


That  is  why  the  IRC  ’’Know-How”  gained 
through  many  years  of  intense  specialization 
looms  even  more  important  to  many  resistor 
users  than  the  quality  of  the  individual  IRC 
product  which  they  long  ago  learned  to 
take  for  granted. 

These  users  know  that  IRC  makes  types, 
sizes,  shapes  and  kinds  of  fixed  and  variable 
resistors  specially  designed  for  almost  every 
known  service  requirement.  Above  all  they 
realize  that  IRC  knows  how  to  help 
them  select  the  most  dependable 
resistor  and  how  to  use  it  properly. 


INTERNATIONAL  RESISTANCE  COMPANY,  403  n.  broad  st.,phila..  pa. 
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JEFFERSON  ELECTRIC 

TRANSFORMERS 


sarily  introduces  some  phase  shift  it 
is  not  detectable  by  ear. 

In  conclusion  it  is  well  to  stress  one 
point  that  is  frequently  overlooked  in 
the  design  of  audio  systems  with  boost 
characteristics.  In  order  to  realize  the 
full  undistorted  effect  at  the  increased 
frequencies,  the  amplifier  and  repro¬ 
ducer  must  be  capable  of  handlinj?  the 
comparatively  high  power  that  is  neces¬ 
sarily  expended  at  these  frequencies. 
For  example,  a  loud  speaker  of  average 
efficiency  requires  about  one  quarter 
watt  to  deliver  good  volume  in  an 
average  sized  living  room.  If  twenty 
db  boost  occurs  at  the  low  or  high  fre¬ 
quencies  we  have  a  power  ratio  of  100 
or,  in  other  words,  25  watts  expended 
at  these  frequencies.  .Although  this 
may  be  somewhat  more  boost  than 
would  normally  be  necessary  it  serves 
to  illustrate  forcibly  the  need  for  amply 
power.  For  systems  providing  a  nomi¬ 
nal  increase  of  15  db.  the  power  capa¬ 
bility  should  be  at  least  8  watts 
undistorted  power. 


"THE  small  1.6  ounce  transformer  is  as  accurately 
made — to  give  as  precise  performance  as  the  largest 
transformers. —  Both  are  Jefferson  Electric  in  correctness 
of  design  and  accuracy  of  manufacture. 

The  line  of  Jefferson  Electric  Transformers  for  all 
radio  and  communication  systems  incorporates  correct 
basic  engineering  resulting  from  a  lifetime  of  trans¬ 
former  specialization.  They  include  a  wide  range  of 
sizes  and  are  made  to  withstand  the  climatic  conditions 
anywhere, — from  the  Tropics  to  the  Arctic. 

In  the  manufacture  of  millions  of  transformers,  skilled 
craftsmanship  has  been  developed  which  with  modern 
equipment  and  250,000  square  feet  of  plant  space 
make  possible  largeoutputof  dependably  uniform  quality. 

To  aid  you  in  saving  time,  our  engineers  will  be  glad 
to  make  recommendations  .  .  .  JEFFERSON  ELECTRIC 
COMPANY,  Bellwood,  (Suburb  of  Chicago)  Illinois, 
Canadian  Factory:  60-64  Osier  Ave.,  W.  Toronto,  Ont. 


High  Speed  Relay 
and  Switch  Tester 

Writing  in  Electrical  World,  E.  T. 
Vickemian,  Jr.,  and  Samuel  E.  Edel- 
stein  of  the  Washington  Water  Power 
Company,  Spokane,  describe  a  portable 
tester  for  determining  the  time  charac¬ 
teristics  of  high  speed  protective  relays 
and  switches.  The  tester  described-  is 
a  combination  of  two  units,  a  condenser 
charge-discharge  type  timer  and  a 
vacuum  tube  voltmeter.  When  these 
two  units  are  inter-connected  by  means 
of  a  four-wire  cable  time  in  seconds 


P.4NEL  WIRING  TEMPLATE 


Drilling  oi  holes,  mounting  of  parts,  in¬ 
stallation  and  check  oi  wiring  on  resistance 
welding  panels  is  facilitated  at  G-E  by 
pasting  templates  to  the  back  of  the  panels 
before  such  work  starts.  Template  paper  is 
oil-resistant  and  all  lines  are  drawn  with 
special  non-conducting  ink  so  the  templates 
can  be  left  in  place  to  simplify  service  later 


ELECTRONICS 


Here  is  the  proud  record  of  a  veteran.  Over  Midway,  Tokyo, 
Germany  .  .  .  wherever  American  flyers  are  telling  the  world  .  .  . 
there,  in  the  instrument  panels  of  fighters  and  bombers, 
DIM-E-ROID  lamps  are  doing  their  job.  Signals  of  peace  until 
December  7th,  these  polarized,  adjustable  panel  lamps  now  help 
guide  the  might  of  Uncle  Sam  to  \  ictory. 

Today,  our  facilities  are  all-out  100%  for  America’s  fighting 
machine.  But,  when  this  war  is  won  and  new  spheres  of  human  en¬ 
deavor  are  being-circumscribed,  AMERICAN  RADIO  HARDWARE 
will,  as  always,  be  in  the  vanguard  ....  serving  you  with 
the  same  quality,  accuracy  and  fidelity  which  have  made  our 
products  preeminent  in  the  field. 

V'ritt  for  Catalog  E-42 
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UTAH  RADIO  PRODUCTS  COMPANY 


can  be  read  directly  on  a  special  50  ma 
scale  on  the  vtvm  instrument. 

The  timer  unit  circuit  is  shown  in 
Fig.  1.  The  instrument  V  in  this  unit, 
has  a  0-150,  1,000-ohms-per-volt  move¬ 
ment.  Pushbutton  switches  make  stop¬ 
ping  relay  calibrations,  discharge  the 
timing  condenser,  provide  for  external 
battery  source  where  one  is  necessary’ 
and  operate  voltmeter  V  for  reading 
charging  potential.  A  variable  resistor 
controls  the  primary  voltage  of  the 
powerpack,  which  supplies  a  constant 
d-c  potential  for  charging  the  timing 
condenser,  and  controls  the  a-c  power 
to  the  associated  vtvm  unit.  External 
accessories  include  a  multi-range  am¬ 
meter,  a  load  box  and  a  source  of  110 
V  a-c  supply. 


“This  trad*  mark  is  your  asturanc*  of 
odvoncod  onginooring,  procision  man¬ 
ufacturing  and  product  dopondability.” 


“Thoro  is  a  minimum  of  two 
soparotoiy  firod  coats  of  Vitro- 
ous  Enamoi  forming  a  hard, 
giassy  surface,  and  adhering 
permanently  to  porcelain  core, 
resistance  wire  and  terminals.” 


"Utah  terminals  cannot  tear 
loose,  being  securely  eyeleted 
around  tubos.  Junction  of  wire 
^  and  terminal  is  silver- 

soldered  beneath  the 
enamel  for  perfect  con- 
ductivity.” 


"Numerous  styles  of 
mounting  hardware  can 
be  furnished  to  meet  vari¬ 
ous  requirements.” 


“Utah  Resistors  are  avail- 
abl*  either  as  Fixed, 
Tapped,  or  Adjustable.” 


Fig.  1 — Tester  timing  unit 


WHY  UTAH  RESISTORS 
ARE  BETTER  RESISTORS 


Utah-Carter  Vitreous  Enamel  Resistors  are  proving  their  depend¬ 
ability  and  durability  in  hundreds  of  war  product  applications. 
All  Utah  Resistors  receive  two  separately  fired  coats  of  Vitreous 
Enamel.  This  double  protection  guards  effectively  against  salt 
spray,  moisture,  acids  and  alkalis.  Sharp  tools  cannot  pierce 
the  coating. 

Utah-Carter  Vitreous  Enamel  Resistors  represent  over  a  decade 
of  experience,  starting  with  the  first  10-  and  20-watt  types  made 
by  the  Carter  Radio  Company  and  progressively  improved  by 
engineers  and  technicians  of  the  present  company. 

Utah  engineering  keeps  abreast  of  all  engineering  develop¬ 
ments.  Utah  precision  manufacturing  assures  maximum  depend¬ 
ability  and  economy. 

Utah  Resistors,  5-  to  200-watts,  are  available  either  as  Fixed, 
Tapped  or  Adjustable.  If  you  have  a  Resistor  problem,  why  not 
see  how  Utah  engineers  can  help  you?  There  is  no  obligation- 
write  today. 

Write  also  about:  Utah  switches,  jacks,  plugs,  speakers, 
vibrators,  transformers. 


-Tester  Ttrm  unit 


The  vtvm  unit  circuit  is  shown  in 
Fig.  2.  The  instrument  M  in  this  unit 
was  supplied  by  Triplett  complete  with 
resistor  and  shunt  boards,  selector 
switch,  rectifier  and  jacks.  Points  on 
the  selector  switch  include  1,000,  250, 
50  and  10  volts  d.c. ;  1,000,  250,  50  and 
10  volts  a.c. ;  500,  50,  10  and  1  ma.  and 
250  and  50  Ma.;  low  ohms,  20,000  ohms 
and  2  megohms.  This  unit  may  there¬ 
fore  be  used  alone  for  making  a  va¬ 
riety  of  low  burden  tests  in  the  field. 

Errors  and  inaccuracies  have  been 
eliminated  to  the  degree  that  time  val¬ 
ues  can  be  determined  with  a  maximum 
error  of  approximately  10  percent  at 
0.001  second,  or  three-fiftieths  of  a 
cycle.  This  small  inaccuracy  is  more 
or  less  a  fixed  quantity,  dependent 
largely  upon  the  condition  and  speed 
of  contact  of  all  three  blades  of  the 
main  timer  unit  operating  switch,  so 
that  the  percentage  error  in  readings 
decreases  rapidly  for  times  slower  than 
three-fiftieth  of  a  cycle. 
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Anaconda’s  Central  West  plants  still  have  unfilled  capacity  on 
magnet  wire  and  coil  production ..  ./or  war  work.  In  addition 
to  these  facilities,  they  have  experienced  personnel  to  help  solve 
problems  you  might  have  with  this  phase  of  manufacture. 

Here  is  an  opportunity  to  release  your  time  so  that  it  can  be 
devoted  to  other  important  problems.  Our  sales  offices,  located 
in  all  principal  cities,  are  near  you.  Call 
today.  A  representative  will  be  glad  to 
discuss  your  problem. 


General  Offices:  25  Broadway,  New  York  Ciiy 
Chicago  Office:  20  North  Wacker  Drive 
Subsidiary  of  Anaconda  Copper  Mining  Company 
Sales  Offices  in  Principal  Cities 


This  f  omtliar  trade*mark 
symbolizes  the  best  ef¬ 
forts  of  modern  reseorch 
and  production. 


These  Improved  Insulations 
Are  Now  Available 
Nylon — Vitrotex  —  and  Formvar 

The  commercial  development  of  Nylon 
and  Vitrotex  insulations  is  in  part  the  result 
of  Anaconda  research  .  .  .  research  that 
continues  with  redoubled  effort  produc¬ 
ing  new  products  for  war  work.  Of  course, 
w  hen  peace  comes,  the  benefits  of  this  re¬ 
search  will  be  ready  for  industry  every  where. 


ANACONDA  WIRE  &  CABLE  COMPANY 
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Electrical 

Concepts 

(Continued  from  page  41) 


beam  must  pass  (broken  lines)  the 
current  in  that  beam  containing  vari¬ 
ations  in  density  so  that  as  each 
“lump”  of  space  charge  (dots)  passes 
by,  it  induces  current  in  the  circuit 
which  connects  the  two  grids.  Now 
we  close  the  circuit  not  by  a  loop  or 
by  a  coil,  which  would  radiate  and 
present  low  impedance  at  these  fre¬ 
quencies,  but  rather  by  a  self-enclos¬ 
ing  circuit  (solid  lipes). 


Voltag*  DifFtrtnc* 

And  now  there  is  a  rather  major 
concept,  that  of  voltage  differences 
between  points  of  a  circuit. 

The  notion  that  a  conductor  is  al¬ 
ways  an  equipotential  surface,  true 
for  electrostatics,  is  of  course  totally 
inapplicable  as  a  general  “law”  at 
frequencies  for  which  currents, 
charges,  and  fields  actually  reverse 
themselves  in  a  space  measured  in 
centimeters.  For  two  points  on  a 
piece  of  metal  a  very  short  distance 
apart,  it  might  seem  that  this  law 
is  still  valid.  But  this  is  not  always 
the  case.  The  use  of  self-enclosing 
conducting  systems,  such  as  resonant 
cavities,  very  often  brings  about  cir¬ 
cumstances  in  which  this  persistent 
but  erroneous  concept  is  difficult  to 
reject  when  one’s  “voltage  differ¬ 
ence”  ideas  have  become  inbred  at 
the  lower  frequencies. 

Since  centimeter  waves  fail  to  pen¬ 
etrate  metal  to  any  appreciable  de¬ 
gree,  it  often  happens  that  very  high 
currents  flow  on  one  side  of  a  thin 
piece  of  metal  ( thin  compared  to 
wavelength  but  thick  compared  to  the 
depth  of  penetration  of  the  current) 
with  resulting  high  fields  and 
charges  in  the  metal’s  vicinity  on 
that  side,  while  on  the  other  side,  the 
region  is  field-free  and  the  surface 
is  free  from  charges  and  currents. 
For  example  a  box  may  be  stimu¬ 
lated  by  a  generator  on  the  inside 
which  charges  the  top  and  bottom 
against  each  other,  with  accompany¬ 
ing  high  electric  field  vertically  down 
the  center  of  the  box.  The  box  may 
be  said  to  possess  a  voltage  differ¬ 
ence  between  top  and  bottom  (where 
the  voltage  difference  is  defined  as 
the  integral  of  the  field  strength*. 
But  even  a  very  conscientious  ob- 
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Pointing  a  thousand  tons  of  gun  metal  with  the  ease  that  your  neigh¬ 
bor’s  kid  handles  his  air  rifle  is  an  engineering  feat  in  itself.  But 
directing  each  movement,  both  horizontal  and  vertical,  so  that  the 
projectile  pins  its  mark,  miles  and  miles  away,  calls  for  accuracy  of 
controls  seldom  required  by  industry.  It  is  a  tribute  to  the  accuracy 
and  dependability  of  Ward  Leonard  Motor  Controls  that  our  Navy  is 
using  so  many  Ward  Leonard  control  devices  for  this  and  other 
vital  functions. 


W’e  are  proud  that  W  ard  Lionard  Cou’rols  developed  during 
the  past  fifty  years,  are  now  contributing  their  part  in  increas¬ 
ing  safety,  comfort  and  efficiincy  of  our  men  in  the  service. 


RELAYS  •  RESISTORS  •  RHEOSTATS 


Eleefrie  control  (wl)  devices  since  1892, 


WARD  LEONARD  ELECTRIC  COMPANY 
32  SOUTH  STREET,  MOUNT  VERNON,  NEW  YORK 
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SPECIAL  ceramic  parts  like  these  can  now  be 
delivered  by  Isolantite  Inc.  with  unusual  prompt¬ 
ness  for  these  unusual  times.  Production  of  many 
shapes— formerly  requiring  special  machining  oper¬ 
ations  or  partial  molding  on  hydraulic  equipment 
—has  been  greatly  speeded  by  automatic  molding. 
Isolantite  Inc.  now  has  additional  capacity  available 
for  the  production  of  very  small  automatic  pressed 
parts.  Delivery  cycle  has  also  been  materially  re¬ 
duced  on  the  larger  automatic  pressed  parts  where 
tools  are  available. 

The  more  efficient  service  that  installation  of 
automatic  presses  makes  possible  is  but  one  of  many 
advantages  offered  users  of  Isolantite-i'  insulation. 
Isolantite^s  manufacturing  processes,  for  example, 
permit  extremely  close  dimensional  tolerances  com¬ 
pared  with  general  ceramic  requirements.  This  facil¬ 
itates  equipment  assembly,  since  critical  dimensions 
can  be  held  within  close  limits. 

Contributing  to  dependable  equipment  perform¬ 
ance  is  a  unique  combination  of  advantages  which 
Isolantite  incorporates  in  a  single  ceramic  body- 
uniformity  of  product,  high  mechanical  strength, 
eleclrica*  efficiency  and  non-absorption  of  moisture 
—each  an  outstanding  feature  in  itself. 

Isolantite  Inc.  invites  inquiries  from  manufac¬ 
turers  concerning  production  of  small  pressed  parts 
for  war  applications. 


CERAMIC  INSULATORS 


Registered  trade^name  for  the  pnoducts  of  Isolantite  Inc. 
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server,  seeking  to  measure  that 
voltage  difference  between  top  and 
bottom  from  outside  the  box,  will 
obtain  no  appreciable  reading  if  the 
metal  of  the  box  has  any  appre¬ 
ciable  thickness.  The  inside  and  out¬ 
side  of  the  metal  in  this  particular 
case  cannot  be  properly  regarded,  in 
other  words,  as  at  the  same  potential. 

If  we  put  two  of  these  box  circuits 
together — in  fact,  even  if  we  form 
them  so  that  one  face  of  each  circuit 
is  made  from  the  same  piece  of  metal 
as  in  Fig.  12,  we  will  still  not  have 
coupling  between  circuits.  The  re¬ 
turn  current  between  the  condenser 
plates  of  this  one  ijpsonator  will  not 
be  coupled  to  the  second  circuit  to 
any  appreciable  degree  if  the  thick¬ 
ness  of  the  metal  is  made  a  small 
fraction  of  an  inch. 


THE  VIKING  FAMILY 
FIGHTS  FOR  FREEDOM 


Famed  Viking  products  are  on  the  wor  fronts  of  the 
world!  We  of  the  E.  F.  lOHNSON  COMPANY  take 
great  pride  in  the  knowledge  that  eTerywhere 
dependable  JOHNSON  components  ore  a  part  of 
the  mailed  might  that  surges  at  the  enemies  throat. 
Day  and  night,  through  fair  weather  and  storm  the 
Viking  Head  trade  mark  is  with  our  fighting  men 
.  .  .  with  begoggled  fighter  and  bomber  pilots  in 
lead  filled  skies  ...  with  the  field  artillery  ...  the 
infantry  ...  in  the  tonks  and  armored  cars  ...  on 
the  battleships,  carriers,  cruisers,  destroyers,  and 
other  yessels  of  our  nary.  JOHNSON  products  play  a 
vital  part  in  the  protection  of  our  dvilian  lives  as  welL 

We  could  osk  no  greater  reward  for  our  efforts  thon 
the  immense  trust  that  is  daily  being  placed  in  our 
products.  The  reUability  of  the  equipment  of  war 
placed  in  the  hands  of  our  fighting  men  will  be 
measured  in  life  and  death  itself.  Never  will  we  be 
more  proud  of  the  fact  that  in  the  design  and  manu¬ 
facture  of  our  ports  the  utmost  in  scientific  skill  and 
dependability  has  ALWAYS  been  the  primary  con¬ 
sideration. 


Transmission  Lines 

If  the  modes  in  which  the  electric 
charge,  current  and  fields  can  dis¬ 
tribute  themselves  inside  a  box  are 
interesting,  they  are  even  more  so, 
perhaps,  in  transmission  lines  or  in 
waveguiding  systems  than  they  are 
in  what  we  would  call  the  equivalent 
of  lumped  circuits.  This  is  especially 
true  since  the  distance  between  two 
components  of  a  piece  of  centimeter- 
wave  apparatus  is  very  likely  to  be 
many  wave  lengths  if  it  is  any  dis¬ 
tance  at  all,  and,  therefore,  the  trans¬ 
mission  line  or  waveguiding  system 
becomes  as  important  as  the  circuit. 
As  in  the  case  of  circuits,  we  have  a 
problem  of  preventing  unw’anted 
radiation.  We  want  to  guide  the  en¬ 
ergy,  taking  it  from  the  source  to 
the  place  where  it  will  be  used  and 
we  assume  there  is  little  reason  for 
having  it  lost  on  the  way. 

The  commonest  transmission  line 
in  the  centimeter-wave  I’egion  is  one 
in  which  the  outer  conductor  com¬ 
pletely  encloses  the  inner  conductor, 
as  in  Fig.  13.  If  centimeter  wave 
energy  is  started  at  one  end,  it  will 
travel  down  the  line  and,  minus  the 
I  R  losses  in  the  conductors,  will  ap¬ 
pear  at  the  other  end.  If  the  end 
conditions  are  not  such  as  to  claim 
all  the  energy,  some  may  be  re¬ 
flected  back  to  the  source.  But  none 
will  leak  out  of  the  system  if  there 
is  any  thickness  to  speak  of  in  the 
metal  and  if  the  system  is  closed  at 
the  two  ends.  Such  a  co-axial  line 
acts  like,  and  is  indeed  no  different 
from  an  ordinary  co-axial  line  used 
,  for  lower  frequencies.  Except  for  the 
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IF  YOU  PLAN  YOUR  WAR  PRODUCTION  WELL  IN  ADVANCE 


IF  YOU  ORDER  NOW  THE  TUBES  YOU  WILL  NEED  THIS  WINTER.  NEXT  YEAR 


From  M-Day  on,  the  Government  has  made  long-range  plans 
which  at  first  may  have  seemed  to  deal  with  grandiose  and 
astronomical  quantities.  Men  in  a  position  to  know,  however, 
realized  that  only  such  careful  thinking  and  acting  ahead  could 
win  the  greatest  industrial  offensive  of  all  time.  In  your  produc¬ 
tion  campaign,  too,  let  logistics  precede  strategy  and  tactics. 
Make  sure  that  you  will  have  the  necessary  tubes  to  meet  your 
delivery  schedules.  If  you  will  look  to  the  future,  Hytron  will  do 
its  bit  toward  turning  a  seller's  market  into  a  buyer's  market 
for  you. 


Immediate  Production  Already  Scheduled 

Already  the  procurement  divisioas  of  far- 
silthted  manufacturers  and  government 
agencies,  after  conferring  with  Hytron  en¬ 
gineers,  have  contracted  for  present  pro¬ 
duction  capacity  at  Hytron.  Their  tube 
needs  have  been  fitted  into  a  production 
plan  which  will  give  them  the  tubes  they 
want,  when  they  want  them.  Whenever 
possible,  small  orders  for  standard  Hytron 
types  will  be  filled  on  short  notice.  Please 
keep  in  mind,  however,  the  difficulties  of 
procuring  materials,  of  diverting  produc¬ 
tion  facilities  for  small  runs,  and  of  train¬ 
ing  new  workers. 


Facilities  Available  This  Autumn 

Place  your  orders  for  late  Fall  delivery 
NOW,  to  take  full  advantage  of  the  pro¬ 
duction  facilities  to  be  available  later. 
Give  Hytron  a  chance  to  add  to  its  sched¬ 
ule  now'  the  tubes  you  will  need  in  large 
quantities  at  the  end  of  ’42,  at  the  begin¬ 
ning  of  ’43.  Let  Hytron  help  you  to  avoid 
those  echoes  of  a  seller’s  market:  "Sorry, 
but — .  With  regret — .  Unfortunately, — .’’ 
Quadrupled  War  production  space,  fast 
being  converted  into  a  beehive  of  activity, 
is  Hytron’s  assurance  that  your  anticipa¬ 
tory  orders  will  be  shipped  on  schedule. 


REMEM  BER  —  With  your  cooperation,  it's  a  Buyer's  Market  at  Hytron. 


HYTRON  CORP.,  Salem  and  Newburyport,  Mas's. 

.  .  .  Manufaclurert  of  Radio  Tube*  Since  1921  .  .  . 
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fact  that  minimizing  of  radiation 
must  always  be  present  in  the  centi¬ 
meter-wave  engineer’s  mind,  there  is 
little  need  for  broadening  the  engi¬ 
neer’s  picture  of  electrical  transmis¬ 
sion  by  studying  this  example. 

Let  us  look  at  some  of  the  more 
interesting  types  of  waveguiding 
systems  which  apply  particularly  to 
the  centimeter  wave  regions  and 
which,  like  co-axial  lines,  are  self¬ 
enclosing  but  do  indeed  require  for 
their  appreciation  a  broadening  of 
concepts  of  transmission  on  the  part 
of  the  average  engineer.  To  start 
with,  let  us  do  as  we  did  with  the 
circuit  when  we  considered  the  con¬ 
denser  plates  closed  by  a  one-turn 
inductance.  Take  the  case  of  a  trans¬ 
mission  line  formed  of  two  flat  con¬ 
ductors  as  in  the  upper  diagram  of 
Fig.  14.  Because  of  the  high  ratio  of 
cross-sectional  dimensions  compared 
to  the  wavelength  easily  attainable  in 
the  centimeter  wave  region,  we  al¬ 
most  feel  intuitively  that  there 
should  be  some  mode  of  distribution 
of  the  charge  and  current  so  that 
the  charge  density  will  be  high  at  the 
center  between  conductors,  then  fall 
off  so  that  at  the  edges  the  electric 
field  between  conductors  will  be 
small.  We  can  actually  close  the  line, 
forming  one  rectangular  cylinder  in¬ 
stead  of  tw’o  lines,  as  shown  in  the 
lower  figure,  and  the  energy  should 
still  progress  down  the  line. 

Such  indeed  is  the  case  and  in 
Fig.  15  is  shown  a  number  of  cross- 
sectional  arrangements,  both  cylin¬ 
drical  and  rectangular,  showing 
different  modes  in  which  the  electro¬ 
magnetic  fields  may  distribute 
themselves  if  the  cross-sectional 
dimensions  of  the  line  are  large 
enough  compared  to  wavelength. 

It  is  not  the  purpose  of  this  paper 
to  discuss  the  practical  advantages 
of  one  means  of  transmission  over 
others,  but  it  is  well  to  note  that 
under  certain  circumstances  the  hol¬ 
low  cylinder,  waveguide  type  of 
transmission  line  results  in  lower 
attenuation  than  can  be  obtained 
with  the  ordinary  co-axial  line.  Fur¬ 
thermore,  the  need  for  insulators  to 
support  an  inner  conductor  is  re¬ 
moved.  It  is  important  to  observe 
that  this  relatively  new  means  of 
transmission,  which  applies  most 
readily  to  the  centimeter  wave 
region,  is  one  in  which  the  trans¬ 
mission  line  is  highly  frequency-re¬ 
sponsive,  at  least  near  its  so-called 
“cut-off”  point.  The  wavelength  must 
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Pan  American  Clipper,  product  of  some 
50,000,000  miles  of  overseas  flying  ex¬ 
perience,  uses  Ohmite  Resistance  Units. 


American  transocean  Clippers  today  are  winging  their  way 
A  over  the  world  in  the  service  of  the  United  Nations.  Planes  and 
personnel  are  transporting  men  and  materiel  across  six  continents 
and  over  vast  stretches  of  ocean  with  safety  and  dependability. 

This  has  been  made  possible  in  large  measure  by  Pan  American's 
^  fourteen  years  of  pioneering  experience  in  overseas  transport, 

involving  every  condition  of  service  from  the  arctic  to  the  tropics. 

The  part  Ohmite  Resistance  Units  have  played  in  this  develop¬ 
ment  is  a  matter  of  record.  They,  too,  have  pioneered  the  airways 
—  and  have  proveti  their  dependability  thru  years  of  service. 

Today,  Ohmite  Rheostats  and  Resistors  are  on  duty  in 
bomber,  combat  and  transport  planes — in  electronic,  communi¬ 
cations,  production  and  test  equipment. 

Send  for  Industrial  Catalog  and  Engineerl-ng  Manual  No.  40 

Vi’rite  on  company  letterhead  for  this  helpful  9<S-page  guide  in 
the  selection  and  application  of  Rheostats,  Resistors,  Tap 
Switches,  Chokes  and  .Attenuators. 


FIRST  IN  AIRCRAFT 

Ohmite  Rheostats  were  the 
first  to  he  used  in  aircraft  ami 
have  been  first  ever  since. 
Approved  types  for  Army  and 
Savy  specifications. 


OHMITE  MANUFACTURING  COMPANY,  4818  Flournoy  St.,  Chicago,  U.  S.  A 
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be  short  enough  so  that  the  waves 
will  fit  into  the  cross-sectional  dimen¬ 
sions  of  the  hollow  cylinder.  When 
this  condition  is  not  obeyed  (as  in 
the  case  of  longer  wavelength  oscilla¬ 
tions  on  guides  of  practical  cross- 
sectional  dimensions),  such  trans¬ 
mission  lines  will  be  shorted  by  the 
sides  and,  in  general,  the  waves  will 
not  propagate  down  the  line,  whereas 
above  that  frequency  they  will  prop¬ 
agate  with  only  the  usual  PR  attenu¬ 
ation.  The  matter  of  wavelength 
versus  cross-sectional  dimensions 
plays  an  important  role  in  the  centi¬ 
meter-wave  engineer’s  pictures  of 
transmission. 

RadiatioR  ORd  Its  CoRtrol 

We  have  discussed  how  the  word 
“circuit”  has  expanded  in  its  mean¬ 
ing  to  cover  the  centimeter-wave 
band  and  how  our  notions  of  trans¬ 
mission  lines  have  been  broadened 
to  incluae  new  effects.  There  remains 
the  third  general  division  of  the 
control  and  guiding  of  electromag¬ 
netic  energy,  radiation ;  radiation 
that  is  a  desirable,  intended  effect, 
and  not  simply  an  objectionable  by¬ 
product  in  circuits  and  transmission 
lines. 

There  are  two  rather  obvious  and 
I  quite  well-known  expansions  in  our 
i  notions  of  radiators  that  come  about 
'  because  of  our  work  in  the  centi- 
,  meter  wave  region.  One  is  that  be- 
r  cause  the  wavelengths  are  shorter, 
i  it  becomes  practical  to  use  reflectors, 

I  borrowing  them  from  the  light  spec- 
'  trum  where  such  devices  have  long 
been  used  to  concentrate  wave  energy 
,  in  beams.  Also,  the  acoustic  analyses 
carry  over  and  we  find  it  possible  to 
use  such  radiators  as  horns. 

There  are  some  other  things,  how- 
I  ever,  that  are  happening  to  our 
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Shown  here  is  a  sound  detector 
which  is  used  by  the  Finnish  Army 


PAPER  CAPACITORS 

—at  their  best! 

Solar  experience  plays  a  vital 
part  in  the  production  of  com¬ 
pletely  dependable  paper  ca¬ 
pacitors  for  the  Armed  Service 
Branches  of  our  Government. 
Consult  Solar  for  prompt  solu¬ 
tion  of  your  capacitor  problems. 
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There  is  no  better  proof  of  Sprague 
Dependability  than  in  the  fact  that  lead¬ 
ing  manufacturers  specify  Sprague  Con¬ 
densers  for  exacting  equipment  for 
tropical  or  overseas  use  where  heat  and 
moisture  — the  most  frequent  causes  of 
condenser  failure— are  at  their  worst. 
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SPRAGUE 

CONDENSERS-KOOLOHM  RESISTORS 

Quality  Component.  •  Expertly  Engineered  •  Competently  Produced 


SPRAGUE  SPECIALTIES  COMPANY,  NORTH  ADAMS,  MASS. 
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notions  of  radiation  of  electromag¬ 
netic  energy,  primarily  due  to  efforts 
in  the  centimeter  wave  range  and 
which,  although  they  belong  prop¬ 
erly  under  the  heading  of  radiation 
concepts,  tie  in  so  closely  with  no¬ 
tions  of  circuits  and  transmission 
lines  that  they  make  a  fitting  sum¬ 
mary  for  the  whole  discussion.  The 
reader  is  probably  now  willing  to 
accept  the  point  of  view  which  centi¬ 
meter-wave  engineers  have  come  to 
know  and  accept;  that  the  radiation 
of  electromagnetic  energy  is  a  phe¬ 
nomenon  closely  akin  to  the  guiding 
of  such  energy  around  a  circuit  or 
along  a  transmission  line.  If  the 
conducting  and  dielectric  boundaries 
are  so  situated  around  the  source 
that  the  energy  is  mainly  contained 
and  dissipated  in  a  relatively  small 
region,  then  the  system  is  usually 
thought  of  as  a  circuit.  If  the  boun¬ 
dary  shapes  are  such  that  the  energy 
is  guided  along  a  .somewhat  longer 
path  and  absorbed  or  reflected  at  the 
termination,  with  the  los.ses  to  sur¬ 
rounding  bodies  again  relatively 
small,  then  it  is  probably  best  termed 
a  trayis mission  line  or  guide.  If  the 
boundaries  are  such  as  to  draw  the 
energy  out  of  the  source  and  enccnir- 
age  it  to  continue  through  free  space 
with  little  or  no  further  guidance 
and  with  relatively  little  reflected 
back  to  the  .source,  then  it  is  an  effi¬ 
cient  radiator  or  antenna. 

These  pictures  are  ecpially  appli¬ 
cable  to  the  lower  freciuencies,  but 
radiation  is  so  much  less  a  factor  in 
circuits  and  lines  at  low  frequencies 
that  it  is  natural  for  us  to  become 
accustomed  to  using  only  KirchofT’s 
laws  and  ohmic  dissipation,  whether 
for  lumped  circuits  or  distributed 
constant  networks  like  transmission 
lines.  The  possibility  of  loss  o1 
energy  by  radiation  is  thus  often  dis¬ 
regarded  in  circuits  and  lines  and 
regarded  as  an  entirely  separate 
phenomenon  when  it  occurs  in  an¬ 
tennas.  Not  only  the  proportionately 
greater  amount  of  loss  of  energy  by 
radiation  at  ultrahigh  frequencies 
than  in  ordinary  circuits  and  lines, 
-but  also  the  greater  need  of  appreci¬ 
ation  of  the  wave  nature  of  elec¬ 
tricity,  whether  standing  or  travel¬ 
ling  waves,  on  systems  of  small 
physical  dimensions  has  emphasized 
the  more  basic  picture  and  is  serving 
to  correlate  the  three  main  division.^ 
in  the  controlling  or  guiding  of  elec¬ 
tromagnetic  energy:  circuits,  trans¬ 
mission  lines,  and  antennas. 


★  Get  Things  Done  in  a 


immediate  delivery’— quicks  easy 
installation  and  dependable  performance 


For  Every  Small  Circuit  Requirement 

•  SLIDE  OPERATED  SWITCHES 

•  ROTARY  OPERATED  SWITCHES 

•  TOGGLE  OPERATED  SWITCHES 

If  your  problem  ’  is  production — if  your  need  is 
switches  .  .  .  specify  Suckpole.  There's  a  Stackpole 
Switch  for  every  use — from  single  pole,  single  throw — 
to  four  pole,  double  throw — ^and  all  combinations 
between. 


FinefC  materials  and  crafts¬ 
manship  to  meet  every 
engineering  requirement. 
Stackpole  is  equipped  to 
handle  your  orders  im¬ 
mediately  in  standard  or 
special  designs. 


A  wide  resistance  range  and  curves  for  every 
type  of  voluufe,  tone  and  sensitivity  control. 

•  variablI  resistors 

•  FIXED  RESISTORS 

All  Stackpole  controls  arc  made  with  materials  satis¬ 
factory  to  the  various  government  branches  and  tested 
100%  to  assure  proper  functioning  of  the  unit  in  the 
circuit.  Also  available  in  special  designs  for  many 
applications. 


CAREFULLY 

INSPECTED 


Thorough  inspection  and 
teeing  of  each  piece  ex¬ 
plain  the  steady,  depend¬ 
able  service  you  expect 
and  g«r  from  all  Stackpole 
products.  Expert  engi¬ 
neering  guarantees  maxi¬ 
mum  efficiency,  rugg^ 
design  and  trouble-free 
operation. 


Available  in  a  wide  variety  of  grades  and 
sizes  for  use  at  any  frequency  up  to  100  meg. 

•  FIXED  INDUCTANCE 

•  VARIABLE  INDUCTANCE 

•  STATION  TUNING 

Stackpole  powdered  iron  cores  arc  low  in  cost,  small 
in  size  and  provide  an  increase  in  gain.  All  arc 
superior  in  mechanical  strength  and  uniform  through¬ 
out  in  construction — with,  or  without  adjusting 


Starkpole  Products  Sold 
to  Mouuloftmtrt  Otdy  I 
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ew  electronic  developments  have 
created  new  tube  designs.  We, 
at  Raytheon,  are  indeed  fortunate  to  be 
placed  in  the  advantageous  position  of 
engineering  these  new  intricate  design 
tubes.  Our  research  engineers  have  devel¬ 
oped  special  tubes  to  meet  the  newest  of 
today’s  electronic  developments. 

We  are  meeting  the  demand  for  tubes 
used  in  special  applications  . . .  RAYTHEON 
has  always  been  proud  of  the  ability  of  its 
engineers  to  meet  any  emergency  demand  for 
unorthodox  tube  designs.  Today  our  pride 
has  been  more  than  justified  by  the  elec- 
.  tronic  problems  they  have  solved,  and  the 
quality  of  the  product  they  are  fabricating. 

When  the  present  conflict  is  over 
■  Raytheon’S  engineers  will  be  in  posses- 
:  sion  of  priceless  electronic  experience  to 
;  i)uild  advance  tube  designs  for  better  trans¬ 
mission  and  reception. 


Raytheon  Manufacturing 
Company 

Waltham  and  Newton,  Massachusetts 


DEVOTED  TO  RESEARCH  AND  THE  MANUFACTURING 
OF  TUBES  FOR  THE  NEW  ERA  OF  ELECTRONICS 
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such  institutions  the  present  catalog  of 
courses  of  instruction  by  no  means 
tells  the  complete  activities  which  are 
in  progress. 

The  following  summary  of  replies 
which  have  been  received  up  to  the 
time  of  going  to  press,  will  give  a 
general  indication.of  the  trend  of  affairs 
in  electronic  and  communication  educa¬ 
tion.  The  statements  are  arranged 
alphabetically  according  to  the  name 
of  the  institution  •  providing  informa¬ 
tion. 

The  University  of  Akron  has  ex¬ 
panded  its  curriculum  to  the  extent 
of  including  the  radio  technician  courses 
as  recommended  by  the  National  Asso¬ 
ciation  of  Broadcasters.  This  course  is 
divided  into  basic  communication  and 
radio  technician  training.  The  first 
course  started  in  February  will  be 
completed  in  September. 

Although  severely  handicapped  by  a 
small  electrical  engineering  faculty,  the 
engineering  department  of  the  Uni¬ 
versity  of  Arizona  offers  a  three-unit 
course  largely  devoted  to  the  theory 
of  telephony.  All  electrical  engineering 
students  are  required  to  take  courses 
in  electronics  and  in  radio  communica¬ 
tion.  The  physics  department  offers 
a  course  in  electronics,  an  introductory 
course  on  radio  communication,  and  an 
accompanying  radio  communication  lab¬ 
oratory  course. 

At  the  University  of  Arkansas  a 
three-credit  hour  course  in  electronics 
in  the  junior  year  is  required  of  all 
electrical  engineering  students.’  This 


THE  ELECTRON  ART 


Many  new  and  improved  courses  in  electronics  and  com¬ 
munication  subjects  offered  in  colleges.  War  stimulus 
partly  responsible,  but  gains  will  be  peripanent.  Survey 
of  courses  offered  by  accredited  engineering  schools 


For  the  most  part  these  supplementary 
courses  are  given  in  the  evening  or  late 
afternoon  and  usually  do  not  carry  col¬ 
lege  credits  for  their  completion.  (3) 
At  least  some  of  the  smaller  colleges 
appear  to  be  facing  difficulties  in  in¬ 
struction  because  certain  of  their  staff 
members  are  making  other  and  addi¬ 
tional  contributions  to  this  country’s 
war  effort.  (4)  In  some  of  the  larger 
and  better  known  institutions  a  con¬ 
siderable  program  of  research  and  in¬ 
struction  has  been  undertaken  in  addi¬ 
tion  to  the  usual  educational  activities. 
Naturally  the  majority  of  the  activities 
are  a  direct  result  of  the  great  need 
for  adequately  trained  scientists  and 
officers  engaged  in  various  branches 
of  the  war  effort.  Many  of  the  activi¬ 
ties  are,  of  course,  not  suitable  for 
publication  at  the  present  time,  but  in 


Electronicg  and  Communica¬ 
tion  Courseg  in  American 
Colleges 

There  can  be  little  doubt  that  a 
considerable  increase  in  interest  has 
been  evidenced  during  the  past  several 
years  in  the  electronic  and  communica¬ 
tion  phases  of  electrical  engineering  as 
contrasted  to  the  purely  power  and  dis¬ 
tribution  aspects.  Considerable  em¬ 
phasis  has  been  placed,  especially  dur¬ 
ing  the  past  year,  on  communication 
subjects  in  the  extremely  high  fre¬ 
quency  spectrum,  and  a  -  number  of 
courses  have  been  originated  especially 
for  men  directly  or  indirectly  engaged 
in  activities  for  the  armed  services. 

In  an  effort  to  ascertain  the  extent 
to  which  engineering  colleges  are  of¬ 
fering  courses  in  electronics  and  com¬ 
munication,  an  inquiry  was  directed, 
late  in  June,  to  the  heads  of  all  of  the 
electrical  engineering  departments  in 
colleges  offering  accredited  courses  of 
instruction  leading  to  a  degree.  These 
college  educators  were  asked  to  indi¬ 
cate  what  courses  may  have  been  added 
during  the  past  year  either  to  the 
physics  or  to  the  electrical  engineering 
department  and  to  outline  those  elec¬ 
tronic  and  communication  courses 
which  are  now  being  offered. 

The  results  of  this  survey  indicate 
that  one  or  two  schools  have  made  no 
important  changes  in  their  electrical 
engineering  curriculum  for  several 
years  and  offer  relatively  few  courses 
on  electronic  or  communication  sub¬ 
jects.  At  the  other  extreme  is  one  col¬ 
lege  which  is  now  devoting  practically 
all  of  its  energy  to  training  men  in 
electronics. 

Generalizations  which  hold  in  every 
specific  case  cannot,  of  course,  be  made 
from  the  results  of  this  survey.  But 
so  far  as  any  generalization  may  be 
useful  as  indicating  the  present  trend, 
the  following  facts  are  significant:  (1) 
The  majority  of  electrical  engineering 
colleges  are  increasing  their  instruc¬ 
tion  in  electronic  and  communication 
subjects  or  have  done  so  within  the 
past  year  or  two.  (2)  Some  forty  or 
more  colleges  have  conducted  or  are 
offering  communication  courses  under 
the  program  of  Engineering,  Science 
and  Management  Defense  (now  War) 
Training  program  as  has  already  been 
recorded  in  the  March  Electronics. 


SUPER  X-RAY 


New  scientific  machine.  20-million  volt  betatron,  that  is  a  super  x-ray,  atom- 
smasher  and  the  source  of  more  radium-like  radiations.  Prof.  Kerst,  inventor 
and  designer,  is  shown  preparing  to  place  the  doughnut  vacuum  tube  between 
poles  of  the  electro-magnet  (left).  The  vacuum  tube  whirls  electrons  to  a 
speed  within  one-tenth  of  one  percent  that  of  light  (186,000  miles  pe  second) 
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HEINEMANN  CIRCUIT  BREAKER  CO 

97  PLUM  ST.  -  -  -  -  TRENTON,  N.  J. 


course,  started  in  September  19SK,  has 
two  class  periods  and  one  three-hour 
laboratory  periorl  per  week  in  the 
spring  semester.  The  course  covers  the 
theory  and  characteristics  and  some  of 
the  applications  of  electronic  devices. 
The  three-credit  hour  course  on  the 
elements  of  communication  engineering 
is  offered  as  a  senior  elective  for  those 
students  who  desire  to  specialize  in 
communication.  A  three-credit  hour 
class  and  lecture  course  and  a  two- 
credit  hour  laboratory  course  in  com¬ 
munication  engineering,  in  the  senior 
year,  gives  special  attention  to  analysis 
of  telephone  and  radio  circuits. 

In  addition  to  the  undergraduate 
course  in  electrical  engineering,  the 
Polytechnic  In.stitute  of  Brooklyn  has 
increased  its  graduate  electrical  engi¬ 
neering  activities  during  the  last  two 
years  to  cover  defense  phases  of  the 
electrical  engineering  field.  In  special 
recognition  of  the  present-day  interest 
in  defense  training  in  electronics  and 
ultrahigh  frequency,  the  following 
changes  are  particularly  noteworthy: 
(1)  A  course  on  advanced  electrical 
measurement  has  been  extended  to  the 
full  year  and  places  particular  em¬ 
phasis  on  high  frequency  measure¬ 
ments.  (2)  A  course  on  fundamentals 
of  television  engineering  has  been 
added  this  year.  (3)  The  course  on 
ultrahigh  frequency  theory  has  been  ex¬ 
tended  to  a  full  year  and  will  be  given 
in  alternate  years.  (4)  A  new  course 
on  fundamentals  of  electronics  to  be 
given  beginning  September  is.  an  ad¬ 
vanced  course  suitable  for  physicists  or 
engineers  in  the  electronic  industry. 

Brown  University  reports  that  the 
only  real  change  which  has  been  made 
in  their  teaching  of  electronics  is  the 
E.S.M.W.T.  course  on  radio  communica¬ 
tion.  It  is  anticipated  that  this  course 
will  he  repeated  upon  its  completion. 
.\  very  large  increa.se  in  the  number 
of  undergraduate  students  who  are 
taking  undergraduate  courses  in  engi¬ 
neering  electronics  has  been  reported. 

No  changes  have  been  made  in  the 
senior  and  graduate  courses  in  com¬ 
munication  at  the  University  of  Cali¬ 
fornia  as  the  present  curriculum  ap¬ 
pears  ample.  The  demand  has  been  lor 
additional  courses  at  a  lower  level  in 
order  that  non-engineering  students 


Plunger  in 
normal  p  o  •  1- 
tion  at  bottom 
of  cylinder. 


Plunger  after 

armature  at- 
tracted  to  pole 
piece,  opening 
contacts. 

TIME  DELAY  ON  OVERLOADS 

The  magnet  coil  surrounds  a  hermetically  sealed  and  liquid  tilled 
cylinder  containing  an  iron  core.  This  plunger,  normally  out  oi 
the  magnetic  field,  moves  into  the  field  on  overloads  with  the 
liquid  controlling  the  speed  of  the  plunger.  The  magnetic  fltuc 
increases  os  the  plunger  rises  attaining  its  maximum  when  the 
plunger  reaches  the  top.  At  this  point  the  armature  is  attracted 
to  the  pole  piece  and  operates  the  latch  mechanism,  opening  the 
contacts.  Various  time  delays  con  be  had  by  the  use  of  liquids 
of  different  viscosities. 

INSTANTANEOUS  ACTION  ON  SHORT  CIRCUITS 

Short  circuit  currents  energize  the  pole  piece  with  sufficient  speed 
to  attract  the  armature  before  the  plunger  moves.  Breakers  can 
be  had  with  instantaneous  trip  action  only  if  so  desired. 

BLOWOUT  ACTION  AT  CONTACTS 

Magnetic  blowout  contacts  mounted  in  individual  arcing  chambers 
speed  up  the  arc  interruption.  As  the  value  of  the  current  in¬ 
creases  the  quenching  effect  becomes  greater  due  to  the  intensi¬ 
fied  magnetic  blowout  field. 

Send  for  Catalog  40  showing  full  line 
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In  addition  to  the  electronic  and 
high  frequency  courses  regularly  given 
at  the  Carnegie  Institute  of  Technology, 
two  new  courses  in  ultrahigh  frequency 
technique  and  in  field  theory  have 
been  added.  These  are  required  of  all 
senior  students  who,  in  addition,  must 
take  courses  in  engineering  electronics 
during  the  first  term  and  one  is  com¬ 
munication  circuits  during  the  second 
term  of  the  senior  year. 

At  the  University  of  Cincinnati  the 
fundamental  properties  of  electronic- 
devices  are  studied  in  a  course  called 
electronics  laboratory.  Acoustics  and 
sound  engineering,  electrical  communi¬ 
cation  lectures  and  laboratory  work, 
electromagnetic  radiation  and  wave 
propagation  and  microwave  technique 
are  included  in  the  communications 
courses  which  are  available.  In  addi¬ 
tion,  those  students  who  are  interested 
may  select  electronics  or  communica¬ 
tions  problems  for  study  in  courses  on 
advanced  electrical  measurements. 

In  addition  to  a  number  of  late  after¬ 
noon  courses  which  have  been  given 
at  Columbia  University,  several  new 
courses  have  been  added.  A  course  on 
ultrahigh  frequency  technique  based 
on  the  M.I.T.  Conference  will  probably 
be  offered  again  in  the  fall.  Additional 
credit  courses  which  have  been  recently 
added  include  the  following:  (1)  Ele¬ 
ments  of  high  frequency  circuits  deal¬ 
ing  with  an  analysis  of  the  vacuum 
tube  as  a  circuit  element  in  radio 
circuits.  (2)  Analysis  of  distributed 
circuits  dealing  with  long  lines  and 
circuits  as  applied  to  power,  audio, 
radio  and  ultrahigh  frequencies.  (3) 
A  course  on  electronics  covering  funda¬ 
mentals  of  vacuum  tubes  and  circuits. 
(4)  Principles  of  high  frequency  cir¬ 
cuits.  (5)  High  frequency  laboratory. 
(6)  Elements  of  high  frequency  cir¬ 
cuits  and  apparatus. 

In  the  second  semester  of  last  year, 
Cornell  University  offered  a  five-credit 
hour  course  in  ultrahigh  frequency 
technique  including  laboratory  work. 
The  Department  of  Physics  has  in¬ 
augurated  a  special  course  in  wave 
propagation  with  special  emphasis  on 
the  application  of  the  Maxwellian 
equations  in  ultrahigh  frequency  prob¬ 
lems  and  a  second  special  course  in  ad¬ 
vanced  electronics.  Under  the 
E.S.M.W.T.  program,  Cornell  is  su¬ 
pervising  instruction  of  some  700  train¬ 
ees  in  part-time  courses  in  the  funda¬ 
mentals  of  radio  in  various  localities 
scattered  over  New  York  State. 

Duke  University  normally  require.^ 
all  electrical  engineering  .students  to 
take  a  one  semester  course  in  elec¬ 
tronics,  given  by  the  Physics  Depart¬ 
ment  and  a  whole  year  course  in 
communication  given  by  the  Electrical 
Engineering  Department.  Recently 
emphasis  on  these  courses  has  resulted 
in  an  increa.se  in  the  material  at  ultra- 
high  frequencies  which  trend  is  ex¬ 
pected  to  be  followed  next  year.  College 
level  E.S.M.W.T.  courses  in  commu¬ 
nication  and  radio  engineering  are  also 
offered.  During  this  summer  a  twelve- 
i  week  course  in  communication  has  been 
given  to  those  holding  liberal  arts  de- 


vS'HE  CLEAR,  knife-like  reprodiietion  of  \oiee  in 
the  eommunication  systems  of  planes  and  tanks  is  vitalU 
iin|M>rtant.  Speech  Microphones  must  be  designed  for  maxi¬ 
mum  intelligibility  in  spite  of  the  noise  of  plane  motors, 
rumbling  tank  treads  or  firing  guns.  These  tank  and  plane 
noises  o<-cur  in  the  low  frequency  range  mostly  below  1,0(M) 
cycles  per  second.  However,  8.^%  of  the  intelligibility  of 
speech  is  carried  by  frequencies  above  1,000  cycles.  Hy  scien¬ 
tifically  attenuating  the  low  frequencies  and  accentuating  the 
high  fretjuencies  in  the  Alicrophone,  the  voice  can  he  rcpn>- 
duced  louder  and  clearer.  In  this  manner,  the  transmitter  is 
modulated  hy  the  sounds  which  most  contribute  toward 
transmission  of  intelligen«-c  and  the  carrying  power  of  speech 
is  greatly  increased. 

In  addition,  a  specially  designed  mouthpiece  tends 
to  a\oid  the  entrance  of  nndesired  noises. 

riiis  is  how  a  Communications  Micr*q)honc  is 
designed  to  function  in  the  din  of  battle  ...  a  battle  in  which 
Knginccring  plays  a  decisive  role  and  .Shure  Brothers  arc 
proud  of  their  contrihution! 


Shun-  Cardidid  C.ominunicntions  Mivni- 
fdionrs  are  the  only  Microphones  that 
condnne  the  dardioid  pick-up  pattern 
icith  special  voice  response.  For  further 
information  repfirding  these  and  other 
Shure  ('onunun icati ons  Microphtmes, 
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"Trifles  make  perfection  and  perfection 
is  no  trifle"*  . .  .The  tiniest  part  of  every  Eimac  tube  is  a 
'’tremendous  trifle,"  handled  with  the  utmost  care  .  .  .  the 
greatest  skill.  In  an  Eimac  304T  tube  there  are  more  than 
fifty  separate  parts  which  pass  through  many  fabricating 
operations  before  they  are  ready  to  be  assembled  into  the 
tube.  Through  all  these  steps  great  care  is  taken  to  hold 
the  dimensions  of  each  part  to  a  very  close  tolerance  ...  to 
make  every  welded  joint  perfectly  solid.  Such  painstaking 
care  in  the  fabricating  of  each  part,  plus  the  achievement 
of  extremely  high  vacuum  . . .  helps  provide  the  outstand¬ 
ing  performance  capabilities  which  have  made  Eimac 
tubes  famous.  In  the  toughest  jobs  you’ll  find  Eimac  tubes 
in  the  key  sockets  most  every  time.  They  are  first  choice 
among  the  leading  engineers  throughout  the  world. 


Follow  the  leaders  to 


*Mich.ian8«lo  1C.  C.  Colton)  Manufactured  hy 

EITEL-McCULLOUGH,  INC. 

SAN  BRUNO.  CALIFORNIA.  U.  S.  A. 
Export  Agontii  FRAZAR  &  CO.,  ltd.,  301  Cloy  Street,  Son  Froncisco,  Colifornio,  U.  S.  A. 


Glass  bulbs  are  annealed  after  tube  is  fully  assembled.  This  oper~ 
at  ion  relieves  stress  and  strain  in  the  glass  itself  which  may  have 
been  induced  during  manufacture. 


Deft  fingers  work  steadily  with  tiny  parts  which  are  faultlessly 
produced.  Here  plate  sections  are  being  welded  together  in  routin- 
production. 


grees.  The  purpose  of  this  course  is 
to  give  sufficient  background  in  com¬ 
munication  to  prepare  graduates  for 
those  positions  where  highly  trained 
engineers  are  now  used  but  are  not 
necessarily  needed. 

Effective  this  term,  students  at  the 
Georgia  School  of  Technology  begin 
their  communication  option  in  the  sec¬ 
ond  half  of  the  junior  year  with  a  three- 
hour  course  on  engineering  electronics. 
During  their  senior  year  they  take 
courses  in  communication  engineering, 
high  frequency  transmission,  communi¬ 
cation  laboratory  and  telephony,  during 
the  first  term,  and  communication  engi¬ 
neering,  high  frequency  measurement 
and  communication  laboratory  during 
the  second  term.  In  addition  to  these 
courses  the  E.S.M.W.T.  course  in  ultra- 
high  frequency  technique  is  taught 
jointly  by  the  Electrical  Engineering 
and  Physics  Department  to  those  stu¬ 
dents  desiring  to  enter  the  ultrahigh 
frequency  field.  Last  year  73  percent 
of  the  electrical  engineering  students 
took  this  communication  option. 

For  many  years  Harvard  University 
has  maintained  so  complete  a  group  of 
courses  in  electronics  and  communica¬ 
tion  engineering  subjects  that  only  re¬ 
cent  changes  can  be  recounted  here. 
In  these  courses,  which  are  now  more 
readily  available  to  undergraduate 
students  as  a  result  of  the  war,  there 
has  been  a  slight  change  in  emphasis, 
with  more  stress  on  transient  phe¬ 
nomena  and  ultrahigh  frequency  work. 

At  Harvard  as  in  other  institutions, 
there  has  been  an  increasing  interest 
in  the  subject  of  electronics.  To  fill 
this  demand  the  physics  courses  at 
Harvard  have  been  considerably  altered. 
New  cour.ses  were  offered  during  the 
summer  se.ssion  in  order  to  prepare 
students  for  these  courses  in  electronic 
and  communication  engineering.  To 
motivate  this  line  of  education  a  special 
field  of  concentration  in  electronics  has 
been  introduced  into  the  college  out¬ 
lining  a  direct  path  for  entering  phys¬ 
ics  through  a  course  in  electricity  and 
magnetism,  mathematics  and  then  into 
the  regular  series  of  communication 
courses.  The  large  increase  in  enroll¬ 
ment  in  the  physics  courses  and  in  the 
summer  courses  indicates  that  classes 
next  year  promise  to  be  at  least  two 
to  three  times  the  normal  size. 

A  specialized  war  training  program 
in  electronic  physics  has  recently  been 
announced  to  fit  in  with  the  needs  of 
the  Signal  Corps  who  will  enlist  junior 
and  senior  electronic  physics  students 
and  electrical  engineering  students  in 
the  reserve  corps.  The  subjects  re¬ 
quired  in  this  course  are  a  good  basic 
training  in  undergraduate  physics  and 
mathematics  and  additional  courses  on 
electric  oscillations  circuit  analysis, 
electron  tubes,  and  electric  waves. 

Two  changes  in  their  regular  curri¬ 
culum  are  being  made  at  the  University 
of  Idaho  where  nearly  a  third  of  the 
regular  teaching  staff  in  engineering 
has  been  lost  to  the  armed  forces. 
However,  a  regular  cour.se  in  ultra- 
shortwave  has  been  added  and  was 
first  offered  at  the  beginning  of  the 


PRESTO  NOISE  RECORDINGS 
TRAIN  WAR  WORKERS  QUICKLY 


Noises  tell  an  important 
story  to  factory  workers 
who  test  and  adjust  air¬ 
plane  engines,  tanks, 
trucks  and  the  countless 
other  machines  that  make 
up  our  war  equipment. 

Seasoned  workers 
know  the  mixture  of 
sounds  that  means  "all’s 
well";  the  tiny  variations 
in  sound  that  mean  faulty 
adjustments  or  assembly. 


in  a  few  weeks.  They  learn 
to  locate  trouble  by  lis¬ 
tening  to  Presto  records 
of  the  noises  made  by 
machines  in  the  course 
of  adjustment. 


It  takes  a  high  grade 
recorder  to  reproduce 
these  noises  naturally. 
The  Presto  Recorder  is 
doing  it  daily  in  war 
plants,  helping  to  speed 
employee  training. 

What  these  men  have 

discovered  through  years  On  request,  a  demon- 
of  experience  is  now  stration  of  the  Presto 
taught  new  workers  with-  Recorder  at  your  plant. 


Pn  C  C  V  A  ‘  •  ATIANTA,  JocIu  4372  •  SOSTON,  M.  4910 

K  P  31  I  U  CHICAGO.  Hot.  4240  •  CtEVaAND,  M*.  1969  •  DAUA9,  37093  •  DENVER, 
■■  ■■  ■■  ■  w  Ck.  4277  •  DETROIT,  Uitiv.  1-0190  •  HOUYWOOD,  HiL  9133  •  KANSAS 
BEGORDING  CORP  city,  vie.  4631  •  MINNEAPOUS.  AltanMc  42I6  •  MONTREAL,  W*l.  4219 
"  iT  w  WWlADaPMIA,  Panny.  0942  «  ROCHESTER,  Cat  9949  .  SAN  PRANOS- 

Z4Z  WEST  55tn  ST.  N.T.  co,  yw.0231  •  Seattle,  sm.2S60  •  Washington,  D.c.,sinp. 4003 

W»rU’t  Largest  Manvfacfvrmn  of  lottaotaooout  Soumd  Roeordiog  Cquipmoot  and  Dite* 


September  1942  -  ELECTRCTINICS 


i 


INSTRUMENTS  THAT  STAY  ACCURATE 


-  why  Simpson 
Instruments  STAY  Accurate 


The  service  you  get  out  of  an  electrical  instrument 
depends  entirely  on  the  lasting  accuracy  that 
is  built  into  it. 

And,  by  the  same  token,  the  lasting  accuracy  of  an 
instrument  depends  entirely  up>on  the  stamina  and 
accuracy  inherent  in  the  movement  proper,  for  this 
is  the  very  heart  of  every  instrument. 

In  every  Simpson  Instrument  you  will  find  a  move¬ 
ment  like  the  one  pictured  above — a  full  bridge  type 
movement  with  soft  iron  pole  pieces.  Men  who  know 
instruments  have  long  recognized  the  basic  superior¬ 
ity  of  this  design.  It  not  only  permits  a  higher  degree 
of  accuracy — it  assures  maintained  accuracy,  year 
after  year. 

If  your  need  for  instruments  is  vital  enough  to  give 
you  the  right  to  buy,  it  is  vital  enough  to  rate  the 
best.  Examine  the  Simpson  movement,  and  you  will 
see  for  yourself,  why,  to  so  many  discriminating 
buyers,  best  means  .  .  .  Simpson. 

SIMPSON  ELECTRIC  COMPANY 

5212  Kinzie  Street,  Chicago,  Illinois 


MODEL  260 
High  Sensitivity 
Tester 

Her*  is  a  typical  example  of 
Simpson  leadership.  Ranges 
to  5000  Volts,  both  AC  ai\d 
DC,  at  20,000  ohms  per  vc^t 
DC  and  1000  ohsos  per  volt 
AC.  Current  readings  from 
1  microampere  to  500  milli- 
amperes.  Resistance  read¬ 
ings  from  ohm  to  10  meg¬ 
ohms.  Five  decibel  ranges, 
—  10  to  -1-52  DB. 
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If  its  a  special  iob,  check  on 


0/7  Cooled  Trans¬ 
former  for  Plafe  Sup¬ 
ply  Furnace.  \y eld¬ 
ing,  etc. 


For  High  Voltage 
Testing,  RectiFcation, 
etc. 


^  "Engineered- to- Fit"  ^ 

TRANSFORMERS 

Their  materials  are  right — the 
design  of  their  standardized 
components  is  right  —  the 
methods  of  their  assembling 
are  right — and  their  perform¬ 
ance  will  be  right  in  your  job, 
as  it  has  been  in  the  many 
other  special  Newark  Trans¬ 
former  jobs  we  have  suc¬ 
cessfully  handled  in  our  20 
years  of  experience. 

Moreover  —  we  may  be 
able  to  deliver  sooner 
than  you  expect.  Check 
with  us  on  this. 


r-ccond  term,  in  February  1942.  Com¬ 
munication  courses  regularly  offered 
include  one  on  vacuum  tubes,  elements 
of  telephony,  and  radio  engineering. 

The  subject  of  instruction  in  the 
electronic  and  communication  field  at 
the  Illinois  Institute  of  Technology 
includes  the  following  topics:  (1) 
Introduction  to  radio,  (2)  modern  radio, 

(3)  advanced  radio  measurements,  all 
of  which  are  four  hours  per  week  for 
ten  weeks,  (4)  electronics,  a  two-hour 
course  for  fifteen  weeks,  (5)  introduc¬ 
tion  to  ultrahigh  frequency  technique, 
4  hours  per  week  for  fifteen  weeks,  (6) 
hyper  and  ultrahigh  frequency  tech¬ 
nique  and  (7)  electronic  and  radio 
theory,  the  latter  two  of  which  are  48 
hours  per  week  for  ten  weeks.  It  is 
anticipated  that  several  additional 
courses  will  be  added  beginning  with 
the  coming  term. 

Electronic  and  allied  subjects  now 
being  offered  in  the  Department  of 
Electrical  Engineering  at  Iowa  State 
College  include:  (1)  Electronics,  (2) 
ultrahigh  frequency  technique  (E.S.M. 
W.T.  course),  (3)  radio  engineering, 

(4)  television  engineering,  (5)  commu¬ 
nication,  and  (6)  advanced  communica¬ 
tion.  Additional  courses  are  offered 
when  there  is  a  sufficient  demand  for 
them. 

The  Department  of  Electrical  Engi¬ 
neering  at  the  State  University  of 
Iowa  is  giving  a  course  of  four  semester 
hours,  especially  for  seniors  in  engi¬ 
neering  and  graduate  students  in 
physics,  on  the  subject  of  ultrahigh 
frequencies.  The  Department  of  Phys¬ 
ics  is  giving  two  elementary  courses  in 


RADIO  FREQUENCY 
TESTER 


I 


For  Electronic 
Applications. 


Also  Dry  Type  and  Oil  Cooled  Distribution  Trans 
formers — details  in  Bulletins  A-10  and  D-11  re 
spectively.  Copies  on  request. 


This  signal  generator  is  used  lor  aligning 
the  numerous  circuits  of  all  aircraft 
radio  receivers  carried  aboard  United  Air 
Lines'  Mainliners.  E.  A.  Jensen,  who  de¬ 
signed  the  equipment,  is  operating  the  push 
buttons  which  permit  the  selection  of  any 
of  24  crystal  controlled  frequencies 


TRANSFORMER  CO. 

15  Frelinghuysen  Ave.  NEWARK,  N. 


TRANSFORMERS  FOR  ALL  PURPOSES 
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Here  are  ALL  the  Fact: 


You  Need  to  Know  About 
Precision  Snap-Action 
Switches 


Thumb  Size 

The  Micro  Switch  is  1  15.  16* 
long,  27  32' high,  11  16*  wide 


of  better  performance  are  meaningless  unless  they  are  verified  by  actual  data  regarding  what 
lly  happens.  The  Micro  Switch  is  accurately  built  to  exact  standards  from  precisely  made  parts. 
;In  regarding  this  precision  and  accuracy  are  set  forth  on  this  page.  Study  the  operating  principle 
Micro  Switch  and  you  will  understand  why  it  will  give  you  longer  life  than  you  will  ever  need . .  .why 
II  operate  precisely  at  the  same  point  time  after  time .  ..how  it  gives  you  greater  contact  pressure  and 
contact  action.  The  Micro  Switch  is  listed  by  Underwriters’  Laboratories  with  ratings  of  1 200  V.A. 
from  125  to  600  Volts  A.C. 


How  and  For  What 
cro  Switches  Are  Used 


This  shows  an  explosion 
proof  Micro  Switch  used 
with  a  spray  gun  which 
automatically  cuts  out 
the  entire  operation  of 
the  spraying  booth  when 
the  gun  is  shut  otf. 
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the  circuit  is  opened  as  the  door  is  opened 


This  illustration  shows  the 
use  of  two  Micro  Switches 
with  spring  type  plungers 
to  insure  safe  positioning 
of  material  in  a  punch 
press  or  a  similar  tool 


illustration  shows 


Switch  with  a 


leaf  actuator  serv 


a  break  indicator 


in  textile  mills  or 


This  illustration  shows  a 
Micro  Switch  enclosed  in  a 
die  cast  housing  with  a  syn¬ 
thetic  rubber  seal,  and  is  be¬ 
ing  used  as  a  lathe  carriage 
stop. 


illustration  shows 


steel  enclosed  Micro 


which  serve  as 


This  illustration  shows 
use  of  a  Micro  Switch 
with  a  spring  plunger 
which  IS  actuated  by  the 
ptessure  of  a  liquid  in  a 
line  as  the  actuating 
medium. 


Here's  the  Operating  Principle 

°  C  V  /  C  /E 

^  La/ 


The  operating  principle,  as  illustrated  here,  is  simple  and  fundamentally 
correct.  The  long  member  of  the  one  piece  spring  "B"  is  supported  m  a 
cantilever  at  "A".  The  two  short  members  of  the  spring  and  the  exact 
shape  of  the  Vs  (patented)  produces  a  bearing  of  such  low  friction  that 
when  the  plunger  at  ’'D"  deforms  the  long  tension  member,  the  cantilever 
force  overcomes  the  vertical  force  supplied  by  the  two  compression 
members  and  the  free  or  contact  end  of  the  spring  "E"  snaps  from  one 
stop  to  the  other  with  lightning-fast  speed.  Reverse  action  occurs  when 
the  deformation  of  the  tension  members  of  the  spring  by  plunger  "D” 
IS  removed.  The  cantilever  force  then  becomes  less  than  the  vertical 
force  supplied  by  the  compression  members. 

The  Micro  Switch  spring  is  made  in  one 
piece  of  beryllium-copper.  It  is  held  to  an 
accurately  gauged  thickness  of  .0085*  and 
IS  heat  treated  to  provide  high  resistance  to 
fatigue.  Every  lot  is  under  laboratory  con¬ 
trol  to  insure  maximum  flexure  life — 
5,0(X),000  operations  to  lull  overtravel  for 
the  minimum.  The  ends  of  the  two  compression  members  of  the  spring 
are  especially  finished  to  provide  an  extremely  low  friction  bearing. 

The  short  compression  members  of  the  spring  ^ 

pivot  in  the  patented  V-grooves  of  the  sturdy  brass 

anchor  illustrated  here.  Note  the  special  shape  of  . \ 

these  grooves.  This  shape,  plus  the  specially 

hnished  edge  of  the  compression  members  of  the  <J 

spring,  reduce  friction  to  a  minimum.  _ 


Micro  Switch  is  a  trod*  name  indicating  manufacture  by  Micro  Switch  Corporation 


Feather  Light 

_  OUNCES  _ 


The  Micro  Switch  gives 
you  longer  switch  life 
than  you  will  ever  need 
—millions  of  operations 

M 

The  Micro  Switch  assures 
you  precise  and  accurate 
repeat  operation 


The  Micro  Switch  gives  you 
a  normally  closed  contact 
pressure  of  40  grams 


The  contact  end  of  the  spring  is  fitted  with  a  riveted  radius  type  contact 
of  99.95%  tine  silver.  As  the  plunger  is  actuated,  this  contact  moves  from 
one  position  to  the  other  m  3  1000  to  5  1000  of  a  second  with  a  rolling 
action  which  minimizes  the  effects  of  welding.  The  stationary  contact  is  a 
flat  inlay  of  99.95%  tine  silver.  Its  large  area  provides  maximum  heat 
dissipation. 

The  operating  plunger  consists  of  a  highly  polished, 
stainless  steel  pm  set  into  an  accurately  moulded 
1^^  star-shaped  Hakelite  head.  Its  size  and  form  provide 
a  long  over-surface  path  to  live  parts,  thus  insuring 
freedom  from  electrical  leakage.  The  star-shaped 
plunger  head  cannot  rotate  within  the  housing,  in¬ 
suring  against  anv  large  variation  in  point  of  oper 
ation.  The  Bakclite  head  comes  to  rest  against  the  anchor  within  .1)20' 
after  actuation  occurs,  thus  preventing  excessive  ocertravel.  and  insuring 
maximum  spring  life. 


Lightning-fast 
contact  action  — 

Contacts  move  from  one  position 
to  the  other  in  3  1000  to 
5  1 000  of  a  second 


The  housing  of  the  Micro  Switch  is  Bakelite,  moulded 
to  high  precision.  The  deep,  box-like  construction 
insures  the  rigidity  necessary  to  accurate  repeat  per¬ 
formance  for  millions  of  ^ 

operations  over  wide  ranges  ^ 
of  temfserature.  The  electrical  \ 

resistance  of  this  housing  \  ' 

(between  the  nearest  live 
parts)  has  a  minimum  value  . 
of  10.000  megohms.  The  ^  L 

covers  are  made  of  vividly  -  -I  /  /  — ■ 

colored  Plaskon  and  must 
meet  the  same  precision  re- 
quirements. 

SEND  FOR  THESE  CATALOGS 

Your  up-to-the-minute  engineers  will  thonk 
you  for  keeping  them  informed  obout  the 
Micro  Switch.  Send  for  os  mony  of  the  Hand-  ^ 
book-Cotologs  illustroted  here  os  you  think  ^ 
necessary.  No.  60  covers  Micro  Switches  in 
general;  ond  No.  70  deals  with  specific 
Micro  Switches  for  use  in  aircraft. 


MICRO  fuE  SWITCH 


I 


Manufactured  in  FREEPORT,  Illinois  by  Micro  Switch  Corporation 

aches:  43  East  Ohio  St.,  Chicago  •  11  Park  Place,  New  York  City  •  Sales  and  Engineering  Offices:  Boston,  Hartford,  Los  Angeles 


electronics,  each  four  semester  hours 
of  credit.  These  courses  are  desired 
to  meet  the  needs  of  war  training. 

Some  consolidation  of  courses  is 
under  way  at  the  Kansas  State  College 
of  Agriculture  and  Applied  Science  so 
that  instruction  will  center  around  the 
subject  of  ultrahigh  frequency  tech¬ 
nique  as  a  preparation  for  work  in  air¬ 
craft  warning  service.  Principles  of 
electronics  is  given  as  a  second  term 
sophomore  course.  Courses  in  wire 
communication  covering  communication 
circuits,  and  in  radio  communication 
dealing  with  radio  and  electronics,  are 
available  to  senior  students.  Both  of 
the  courses  are  prerequisites  for  the 
work  of  ultrahigh  frequency  technique, 
a  new  four-credit  hour  course  which 
was  introduced  during  the  last  year 
and  which  was  outlined  in  a  special 
conference  held  at  the  Massachusetts 
Institute  of  Technology  last  November. 

Courses  in  communication  circuits 
and  in  radio  communication  have  been 
offered  for  several  years  at  the  Uni¬ 
versity  of  Kansas.  A  new  course  in 
ultrahigh  frequency  engineering  will  be 
incorporated  into  the  curriculum  begin¬ 
ning  this  fall  and  will  include  labora¬ 
tory  work.  These  courses  are  all 
required  in  the  communication  option. 
A  course  on  engineering  electronics, 
which  will  be  required  of  all  students 
in  electrical  engineering  is  also  being 
added  this  year. 

Rearrangement  of  the  work  in  elec¬ 
tronics  at  the  University  of  Louisville 
results  in  four  courses  now  offered  by 
this  institution.  These  are,  a  course 
on  electronics,  two  courses  on  commu¬ 
nication  engineering,  and  one  on  tele¬ 
vision.  For  the  first  three  of  these 
courses,  at  least,  lectures  and  labora¬ 
tory  work  are  required. 

The  University  of  Maryland  an¬ 
nounces  that  they  have  recently  intro¬ 
duced  a  required  four-semester-hour 
course  in  electronics  and  a  required 
six-semester-hour  course  in  radio.  A 
three-semester-hour  course  in  high  fre¬ 
quency  alternating  currents  has  been 
introduced  as  an  elective  course  for 
seniors. 

For  many  years  graduate  and  under¬ 
graduate  courses  in  electronics  and 
communication  subjects  have  been  given 
by  both  the  Physics  and  Electrical  En¬ 
gineering  Departments  at  the  Massa¬ 
chusetts  Institute  of  Technology.  The 
courses  of  instruction  in  these  subjects 
which  are  available  are  too  extensive 
to  be  listed  here.  This  institution’s 
catalog  will  indicate  the  many  courses 
which  are  available  for  general  instruc¬ 
tion  although  not  all  matters  of  instruc¬ 
tion  and  research  are  recorded. 

Under  recent  changes  which  have 
been  made  in  the  electrical  engineering 
curriculum,  particular  attention  is 
called  to  the  new  option  in  electrical 
engineering,  known  as  option  4,  elec¬ 
tronics  application.  This  option  recog¬ 
nizes  the  rapidly  increasing  use  of 
electrical  methods  of  measurement,  con- 
1  trol,  and  instrumentation  of  all  types 
of  engineering,  as  the  emergence  of  a 
field  of  great  use  and  importance.  It 
pays  particular  attention  to  electro- 
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KURMAN 


V  BRATTON  TEST 


POWER  . 

FORK  for 


This  new,  simple  instrument 
for  testing  products  under  vi¬ 
bration  was  originally  developed 
j  for  our  own  use  in  our  testing 
]  laboratories.  Our  primary  objec- 
;  tive  in  developing  it  was  to  pro- 

-  _  vide  a  dependable  test  device  for 

testing  KURMAN  RELAYS  to 
I  meet  rigid  government  specifica- 
I  tions.  We  are  now  ready  to  make 
I  the  KURMAN  VIBRATION 
■  TESTER  available  to  other 

- - 1  manufacturers  who,  like  ourselves. 

are  concerned  with  making  their 

viOi  Stationary 

Yoke  Vibration  products  immune  to  the  effects  of 
Tester  vibration. 


VIBRATION  TESTING 
CAN  BE  MADE  IN  ANY 
DIRECTION  THROUGH  360° 


This  feature  (offered  in  the  KURMAN 
MODEL  V102  ROTABLE  TYPE 
VIBRATION  TESTER)  makes  it  pos¬ 
sible  to  test  samples  with,  against  or 
in  neutral  gravity  arrangement. 


FCATURCS 

1 .  Simple  harmonic  motion. 

2.  Tuning  fork  principle. 

3.  Variable  frequency  from  20  to  70  C.P.S. 

4.  Variable  amplitude. 

5.  Variable  frequency  direction  is  also  provided.  Direction  of  vibration 
can  be  changed  while  tests  are  under  observation  —  an  unusual  feature 
which  is  of  outstanding  value  in  determining  the  behavior  of  samples  under 
conditions  of  plus,  neutral  and  minus  gravity. 

6.  Capacity  up  to  5  lbs. 

7.  Two  objects  can  be  tested  at  the  same  time,  affording  the  ability  to 
make  comparative  check. 

8.  There  are  no  moving  cranks,  gears  or  bearings  in  the  vibration  system 
to  work  loose,  wear,  or  otherwise  upset  test  conditions. 

9.  Amplitude  is  always  visual. 

10.  Vibration  acceleration  is  provided  up  to  30  G.  plus. 

11.  Frequency  change  is  motor  operated;  resonant  conditions  are  instantly 
detected. 

1  2.  Only  75  watts  are  required  for  maximum  test  conditions. 

1  3.  Can  be  mounted  on  any  bench  without  transmitting  extraneous  vibra¬ 
tion,  therefore  no  special  concrete  foundation  is  required. 

14.  Available  in  two  models  at  reasonable  prices. 

Model  VlOl  Stationary  Yoke  —  providing  up  and  down  vibrations. 

Model  V102.  Rotable  Yoke  —  providing  vibrations  in  any  directions 
through  360°. 

Send  also  for  complete  information  and  specifications 
covering  the  new  line  of  KURMAN  vibration  proof  relays. 


KURMAN  ELECTRIC  CO.,  INC. 

241  LAFAYETTE  STREET,  NEW  YORK,  N.  Y. 

RELAYS  .  a  .  TESTING  EQUIPMENT...  CONTROLS 

Relays  Since  1920 


mechanical  and  electro-thermal  sys¬ 
tems,  principles  of  measurement,  and 
electronic  applications.  Students  may 
enter  this  option  in  their  third  year 
after  two  years  of  general  basic  foun¬ 
dation.  It  is  already  proving  distinctly 
attractive  to  students. 

Work  in  electronics  is  given  by  the 
Physics  and  Electrical  Engineering  De¬ 
partments,  the  two  being  designed  to 
be  complementary.  The  Department  of 
Physics  offers  a  year’s  study  in  elec¬ 
tronics,  including  both  class  and  labora¬ 
tory  work  emphasizing  the  physics  of 
electronics  and  gaseous  conduction  of 
electricity  and  associated  phenomena. 
Some  emphasis  is  also  placed  on  the 
electronic  apparatus  application,  par¬ 
ticularly  of  the  sorts  that  are  en¬ 
countered  in  experimental  physics.  In 
addition,  the  Department  of  Physics 
offers  electronics  at  intermediate  phys¬ 
ics  grades,  primarily  for  the  electrical 
engineering  student  interested  in  com¬ 
munication. 

In  the  Department  of  Electrical  En¬ 
gineering  there  is  a  substantial  amount 
of  work  in  electronics  offered  in  both 
the  graduate  and  undergraduate  years. 
This,  backed  with  a  class  and  even  asso¬ 
ciated  laboratory  treatment  by  all 
electrical  engineering  students,  would 
treat  electronic  phenomena  and  the 
function  of  electronic  devices  as  circuit 
elements.  Further  work  which  stu¬ 
dents  not  majoring  in  communication 
may  select  includes  professional  work 
on  electronic  control  and  measurement 


for  rack  equipment 


The  vital  importance  of  radio  in  enabling  ship  and  ground 
crews  to  maintain  inter-communication  and  the  necessity 
for  quick,  easy  access  for  servicing  and  testing  led  to  the 
development  of  the  Cannon  composite  self-aligning  con¬ 
nector  for  rack  type  "plug-in”  equipment.  Various  units  of 
the  radio  system  must  be  hooked  up  and  disconnected  with 
a  minimum  of 
time  and  effort, 
and  without  dis¬ 
turbing  the  hun¬ 
dreds  of  small 
wires  carrying  essential  circuits.  Truly  "a  quick-change 
artist,”  the  Cannon  Connector  illustrated  above  meets  these 
requirements  ideally.  This  is  a  typical  application  of  one 
of  the  many  types  of  Cannon  Plugs  designed  for  use 
wherever  electrical  connections  must  be  made  quickly 
and  with  absolute  certainty. 


AN  AID  TO  BLACKOUTS 


Bendix  combination  transmitter  and  receiver 
with  two  Cannon  Connectors  for  rack  use. 


In  the  event  of  a  blackout  this  device,  in¬ 
vented  by  William  Sprague  of  Los  Angeles, 
turns  out  all  lights  and  sounds  an  alarm. 
All  that  is  necessary  to  operate  the  de¬ 
vice  is  a  short  interruption  of  service  from 
the  iocal  power  company.  The  momentary 
interruption  starts  the  device  working.  The 
same  method  will  turn  the  lights  back  on 
when  the  "all  clear"  signal  is  given 
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tory  facilities  have  made  possible 
the  creation  of  advanced  designs 


It; 


for  difficult  military  applications 


RADIO  MANUFACTURING  CO. 
6601  SOUTH  LARAMIE,  CHICAGO 


SOLVING  special  requirements 
for  military  uses  of  speech 
reproducers  necessitates  unprece¬ 
dented  facilities  .  .  .  such  as  the 
sound  tower  (illustrated)  part  of 
the  laboratory  equipment  designed 
by  Jensen  acoustical  engineers 
to  test  under  scientific  operating 
conditions. 


The  American  broadcasting  industry  contributes  to 
America's  strength  by  keeping  the  people  informed, 
by  increasing  public  morale,  by  promoting  national 
unity.  It  is  a  heartwarming  fact  to  every  member  of 
the  Blaw-Knox  organization  that  more  than  70%  of 
the  towers  in  the  nation  are  Blaw-Knox  built. 


BLAW-KNOX  DIVISION  of  Blaw-Knox  Co. 

2077  Farmers  Bank  Bldg.  Pittsburgh,  Pa. 


BLAW-KNOX 


RADIATORS 

FM  AND  TELEVISION  TOWERS 


i 


with  the  associated  laboratory;  and 
on  ultrahigh  frequency  technique  in 
which  a  four-year  work  is  provided,  in 
establishing  a  communication  founda¬ 
tion  and  giving  training  in  the  field 
itself.  The  latter  subjects  both  include 
laboratory  work.  Together  they  re¬ 
place  and  amplify  the  one  term’s  work 
offered  as  an  E.S.M.W.T.  course  during 
the  second  term  of  this  past  year, 
which  was  also  offered  by  some  other 
institutions  throughout  the  country. 

At  the  graduate  level  the  electrical 
engineering  department  offers  two 
years  work  in  engineering  electronics 
of  a  more  advanced  nature  than  that 
given  to  undergraduates.  In  addition, 
advanced  work  in  any  portion  of  the 
field  can  be  undertaken  as  a  special 
problem  or  a  special  laboratory  course 
by  students  interested  in  a  particular 
topic. 

The  student  majoring  in  communica¬ 
tion  follows  the  first  term’s  work  in 
engineering  electronics,  including  class 
and  laboratory,  in  common  with  all 
other  electrical  engineering  students. 
Following  this  they  take  an  engineering 
course  in  electronics  from  the  phys¬ 
icist’s  point  of  view.  They  then  em¬ 
bark  upon  one  and  one-half  year’s 
work  in  the  communication  theory, 
coupled  with  a  year’s  work  in  a  com¬ 
munication  laboratory. 

At  the  graduate  level  there  is 
offered  a  variety  of  work  in  communi¬ 
cation  which  involves  electronics  to  a 
greater  or  lesser  extent.  Among  the 
subjects  are  included:  (1)  Advanced 
network  theory,  (2)  advanced  com¬ 
munication  laboratory  design  to  meet 
the  needs  and  interest  of  individual 
students,  (3)  sound,  (4)  advanced  elec¬ 
trical  communication,  (5)  radio  lines, 
antenna^  and  propagation,  and  (6)  a 
study  of  the  patent  application  of  elec¬ 
trical  communication  in  the  United 
States. 

The  Physics  Department  of  the  Mich¬ 
igan  College  of  Mining  and  Technology 
offers  a  course  in  vacuum  and  vapor 
tubes  and  their  uses  in  which  stress  is 
laid  on  uses  other  than  those  for  radio 
receiving.  The  characteristics  and  con¬ 
struction  of  the  different  types  of  tubes, 
together  with  their  circuite  are  studied 
in  the  classroom  as  well  as  in  the 
laboratory.  The  Electrical  Engineer¬ 
ing  Department  offers  a  course  in  elec¬ 
tronics  and  another  in  radio  engi¬ 
neering. 

As  a  result  of  the  M.I.T.  Conference 
on  ultrahigh  frequency  technique, 
Michigan  State  College  added  two  one- 
term  courses  on  ultrahigh  frequency 
technique.  In  addition,  courses  also  are 
offered  on  (1)  electronics,  (2)  commu¬ 
nication  networks,  and  (3)  radio.  Dur¬ 
ing  the  last  year  the  percentage  of 
engineering  students  taking  communi¬ 
cation  subjects  increased  from  50  per¬ 
cent  to  76  percent.  It  is  expected  that 
all  electrical  enginering  students  will 
be  required  to  take  communication 
“for  the  duration.’’ 

The  most  important  changes  in  the 
curriculum  at  the  University  of  Michi¬ 
gan  in  the  past  year  has  been  the 
inclusion  of  a  course  particularly  in- 
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'  (tld  on  Spot  Welding 
of  Nickel,  Monel  and  Inconel 


Result  of  a  ttvo  year  research  program 
at  the  Welding  lAihoratory  of  the 
Rensselaer  Polytechnic  Institute 


Definite  information  on  the  spot  weldiiij:  of  Niekel.  Monel* 
and  Inconel*  was  presented  last  October  at  the  Annual  Meet¬ 
ing.  A.W. S.,  in  Philadelphia.  Reprints  of  this  paper,  hy  Wendell 
F.  Hessf  and  Albert  Mullert,  are  now  available. 

The  results  reported  include  data  on: 


1.  Recommended  welding  conditions  for 
producing  sound  spot  welds  in  Nickel, 
Monel  and  Inconel  sheet. 

2.  Strength  of  spot  welds. 

3.  Recommended  electrodes. 

4.  Control  of  energy  input. 

5.  Limit  of  permissible  <listortion.  and 
method  of  measuring  it. 

6.  I^>ad-tlistortion  eharacleristie  curve  for 
single-spot  lap-weld  specimens. 

7.  A  fast,  efficient  method  for  evaluating 
quality  of  spot  welds  made  in  shop. 

For  your  copy  of  this  paper 
please  mail  the  coupon  helotc 

'  Associatf  Professor  of  MetallurKiral  KuRineeriiiK  and 

Head  of  the  WeldinK  Laborntor>’.  Renss«-laer  Polytt'chnir 

Institute.  Troy.  N.  Y. 

i  Research  Fellow.  Department  of  Metallurrrical  Entrinot’r- 

injt.  Rensselaer  Polytechnic  Institute.  Trtiy.  N.  Y 


Tiik  IntkunatioNAI.  Nickki.  C'o.MPANY.  Inc..  67  Wall  Street,  New  York.  N.  Y 


(irtUU  nian :  Please  mail  . co|>ies  of  your  new  bulletin, 

"Spot  W’eldini?  of  Nickel.  Monel  an»l  Inconel”  to: 


TiUr 


■*  *•  Monel”  and 
other  trade- markk 
which  have  an 
aUerisk  asiiuciated 
arfth  them  are 
trade-mark*  of  Tb< 
loternetioaal  Nlckc 
Compaoj,  loc. 
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tended  to  prepai’e  men  for  work  in 
the  microwave  or  u-h-f  field.  This 
course  has  been  introduced  in  the 
form  of  an  extension  to  the  standard 
course  in  radio  engineering. 

The  courses  of  instruction  now  being 
offered  at  Michigan  may  be  divided  into 
five  broad  classifications.  These  are: 
(a)  Basic  courses  required  of  all  under¬ 
graduate  electrical  engineering  stu¬ 
dents.  (b)  Advanced  undergraduate 
and  graduate  elective  courses  covering 
fundamental  electromagnetic  field 
theory,  (c)  Advanced  undergraduate 
and  graduate  elective  courses  for  stu¬ 
dents  specializing  in  communication, 
(d)  Advanced  undergraduate  and  grad¬ 
uate  elective  courses  for  students  spe¬ 
cializing  in  electronics,  (e)  Communi¬ 
cation  courses  for  students  fi'om  other 
departments. 

In  classification  (a)  are  courses  on: 

(1)  Principles  of  electricity  and  mag¬ 
netism,  (2)  electronic  and  electron 
tubes,  and  (3)  electro-mechanics. 

In  the  classification  (b)  are  two 
courses:  (1)  Electromagnetic  field 

theory  and  (2)  engineering  applications 
of  the  electromagnetic  field  theory. 

In  the  third  classification  communica¬ 
tion  students  may  take  courses  on :  ( 1 ) 

Advanced  theory  of  electrical  circuits, 

(2)  ultrahigh  frequency  technique,  (3) 
radio  communication,  (4)  television 
and  (5)  Heaviside  operators. 

Students  specializing  in  electronics 
may  take:  (1)  Electrical  communica¬ 
tion,  (2)  photoelectric  cells  and  their 
application,  (3)  theory  of  grid  control 
of  vacuum  thermionic  tubes,  (4)  gas¬ 
eous  conduction  electric  apparatus,  (5) 
industrial  electronics  and  (6)  electron 
optics. 

Communication  courses  for  students 
from  other  departments  include:  (1) 
Elementary  radio,  a  defense  course,  and 
j  (2)  elements  of  electrical  communica¬ 
tion. 

An  option  system  is  in  force  at  the 
University  of  Minnesota  and  al)Out  half 
of  the  class  in  electrical  engineering 
major  in  communication,  the  rest  major¬ 
ing  in  power.  In  the  junior  year  all 
students  take  two  terms  of  electronics. 
Those  majoring  in  communication  also 
take  a  full  year  of  elementary  communi¬ 
cation.  In  the  senior  year  the  commu¬ 
nication  students  are  required  to  take 
two-year  communication  courses  on 
radio  communication  and  electric  com¬ 
munication,  respectively.  In  addition 
to  these  required  courses  there  ai‘e 
several  elective  communication  coui’ses 
such  as  radio  transmission,  problems 
in  radio  receiver  design,  ultrahigh  fre¬ 
quencies  and  sound  and  acou.stics.  An 
I  elective  ultrahigh  frequency  technique 
i  course  was  started  this  year. 

At  the  School  of  Mines  and  Metal¬ 
lurgy  at  the  University  of  Missouri  no 
additional  courses  have  been  added  dur¬ 
ing  the  year.  An  introductory  course 
of  two  semester  hours  is  given  in  the 
junior  year.  In  the  senior  year  eight 
seme.ster  hours  are  required  in  radio 
communication  and  two  seme.ster  hours 
I  in  industrial  applications  of  the  elec- 
I  tron  tube. 

i  The  College  of  Engineering  of  the 


N  of  so  long  ago  Americcm  industry  was  putting  up  a 
heroic  defense  ...  a  defense  against  time. 

Today  that  picture  has  changed.  Production  "ahead  of 
schedule"  of  vital  equipment  is  making  it  possible  for 
our  boys  to  take  the  offensive.  Thordorson  is  proud  of 
the  port  it  is  playing  in  producing  transformers  so  vital 
to  our  armed  forces  in  launching  a  "Terrific  Offense." 


OHicial  ThuU^Kraphs 
U.  S.  Marine  Coips. 
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Since  first  announcing  the  development  of  injection  molded  mycolex  the  G-E  Plastics  Department  has  tried  to 
present  an  over-all  picture  of  the  remarkable  qualities  of  this  material.  Response  from  manufacturers  has  been 
exceptional,  but  it  indicates  the  need  for  information  of  a  more  specific  nature.  To  fill  this  need  we  list  the 
following  working  data  for  your  guidance: 


GRADES 

No.  2800  low  loss  factor,  light  weight,  smooth 
surface.  Stability  of  power  factor  after  prolonged 
immersion  in  water;  unaffected  by  changing 
atmospheric  conditions. 

No.  2801  —  Used  where  mechanical  strength  is 
of  primary  importance. 

DESIGN  STANDARDS 

Minimum  wall  thickness — in. 

Minimum  taper  on  mold  walls — 4°. 

Minimum  build-up  along  parting  lines — O.OOS  in. 
Minimum  hole  diameter — in. 


12  16  20  24  28  32  36  40  44  48  32  56 

DAYS  immersed  in  water 

EFFECT  OF  WATER  ON  POWER  FAOOR  TESTS  ON  1/4  IN.  THICK 
G  E  MYCALEX 


AVERAGE 

PROPERTY 

VALUES 


No.  2800 


No  2801 


ELECTRICAL 

tp V'  y 


/•c  ^  / 


J  mechanical! 


physical 


/  '  ».•  y  vC^  y  .v® 


2.95  Gray 


TOLERANCES  OBTAINABLE 


Nominal  Dimensions 
(in  inches) 

0.500  or  less 
0.500  to  2.00 
2.00  or  over 


Tolerances  Above  &  Below 
Nominal  Dimensions  (in  inches) 


U.UU23  per  inch 


Our  comprehensive  booklet  on  G-E  mycalex  lists  uses, 
advantages,  design  data  and  comparisons  with  other 
insulating  materials.  Write  Section  H-9,  ONE  PLASTICS 
AVENUE,  Pittsfield,  Mass. 
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THE  ONLY  GUARANTEE  OF  ITS  KIND 
IN  THE  ENTIRE  INDUSTRY!  . 


''No  letter  blanks 
were  ever  made" 

•  say  major  studio 
engineers  from 
coast-fo-coast 


University  of  Missouri  has  recently 
added  a  course  on  ultrahigh  frequency 
analysis.  Other  courses  regularly 
offered  by  the  College  include:  (1) 
Wire  communication,  (2)  electronics 
and  electron  tubes,  (3)  vacuum  tube  cir¬ 
cuits  and  (4)  high  frequency  circuit 
analysis,  each  of  which  is  one  semester 
in  length.  In  addition  a  student  of 
high  standing  may  elect  a  course  called 
“Special  Problems”  in  which  he  is 
allowed  to  undertake  the  study  of  some 
problem  of  particular  interest  to  him. 

At  Montana  State  College  of  the 
University  of  Montana  a  three-credit 
course  of  electronics  has  been  added 
to  that  already  available  and  radio 
subjects  have  been  increased  from  four 
to  seven  units  of  credit. 

No  changes  have  been  made  in  the 
regular  course  of  instruction  offered 
by  the  Electrical  Engineering  Depart¬ 
ment  at  the  University  of  Nebraska. 
However,  two  E.S.M.W.T.  courses  have 
been  added.  Ultrahigh  frequency  tech¬ 
nique  was  first  given  last  term  for 
senior  students,  but  was  also  open  to 
army  officers  during  the  summer.  The 
second  course.  Fundamentals  of  Radio, 
is  being  offered  as  an  evening  course. 
It  is  anticipated  that  this  course  may 
be  given  to  a  group  of  day  students 
this  fall. 

At  the  University  of  Nevada  prac¬ 
tically  no  changes  or  additions  have 
been  made  in  communication  courses 
because  of  the  difficulty  of  maintain¬ 
ing  an  adequate  teaching  staff  in  the 
face  of  demands  by  industry  and  the 
armed  services  for  men  trained  in  this 
field.  Specific  courses  in  electronics  are 
not  offered  but  courses  in  communica¬ 
tion  and  in  vacuum  tube  theory  and 
application  are  offered  in  the  Depart¬ 
ment  of  Physics  and  also  in  the  De¬ 
partment  of  Electrical  Engineering. 

Two  new  courses,  a  classroom  and 
laboratory  course,  have  been  added  this 
year  in  the  Department  of  Electrical 
Engineering  of  New  York  University. 
Other  courses  available  in  the  institu¬ 
tion  include  (1)  Engineering  electron¬ 
ics,  (2)  engineering  electronic  lab¬ 
oratory,  (3)  communication  engineering 
No.  1,  (4)  communication  engineering 
No.  2,  (5)  communication  engineering 
laboratory,  (6)  radio  engineering.  All 
of  the  courses  listed  are  one-term  un¬ 
dergraduate  courses. 

During  the  past  year  the  Newark 
College  of  Engineering  has  provided  a 
number  of  classes  in  ultrahigh  fre¬ 
quency  training.  Elementary  courses 
of  lectures  for  laboratory  assistants 
were  also  given  last  spring,  followed 
by  a  more  advanced  course.  An  exten¬ 
sion  summer  course  in  electrical  engi¬ 
neering  has  been  in  operation  during 
the  summer  for  civilian  engineering 
aids.  No  striking  changes  have  been 
made  in  the  regular  undergraduate 
courses  recently.  Classroom  and  lab¬ 
oratory  work  dealing  with  the  char¬ 
acteristics  and  applications  of  electron 
tubes  have  been  offered  for  some  time. 
A  suggested  change  for  the  coming  year 
will  be  expansion  and  development  of 
this  material  to  a  more  extensive 
semester  course. 


w  Give  tn 

1{  you’re  n 

rood  ^ 

_ return 


oneii 


GOULD-MOODY 

BllCK  SEAL" 

GLASS  BASE 
INSTANTANEOUS 


•  A  medium  \v 


.All  glass  throughout  .  .  .  i 
or  foreign  material  inserts 


No  metal  gromets  to  “wow"  or 
rumble 


•  Holes  precision  machined  in  the 


•  Priced  at  less  than  other  fine 
brands 


Immediate  delivery  anywhere  in 


•  t  )ld  aluminum  blanks  can  be  re 
coated  with  “Black  Seal”  form 
ula  in  24  hours — same  “no  satisfy 
no  pay”  guarantee 


All  Accounts  serviced  with  styli  and  ship¬ 
ping  cartons  at  actual  cost.  10",  12"  and 
16"  sizes,  with  2  or  4  holes.  For  transcrip¬ 
tions,  professional  recordings  and  libraries, 
Gould-Moody  "Black  Seal"  Glass  Base 
Instantaneous  Recording  Blanks  "Speak 
for  themselves". 
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someone  inside  that  tank  is 
listening  for  a  radio  message 


lyrO  sound  on  earth  can  be  compared 
^  ^  to  the  crash  and  thunder  of  this 
twenty-eight  ton  monster  roaring  into 
action!  But  one  man  of  the  crew— /Ae 
rmlio  opero/or— demands  "quiet!"  For 
vital  short-wave  radio  instructions  must 
come  through  clear  and  imgarhled 
every  time. 

^et  the  tank’s  own  generator,  igni¬ 
tion  system,  electrical  equipment,  create 
enough  interference  to  "jam"  even  the 
clearest  shortwave  signal.  The  job  of 
TOBK  Fll.TKRKTTKS  is  to  suppress  this 
Man  Made  Static  at  the  source.  And 
TOBK  FII.TKKKTTKS  are  doing  this  job 
on  many  radio-equipped  units  of  both 
the  Army  and  Navy. 


design  is  the  equally  famous  TOHK  CA- 
PAClTOK-made  with  the  skill  and  care 
of  good  New  F.ngland  craftsmanship. 
7’fw/o>,  TOBK  is  meeting  the  wartime 
needs  of  our  coimtrv’s  largest  manufac¬ 
turers.  Tomorrow.  Anieri<-an  Indnstrv 
can  look  ttt  tobk  as  a  dependable  >ource 
of  capacitors  ami  noin*  suppression 
equipment. 


Peaceful  Radio  in  Peace  Time 


The  Capacitor  of  the  Future 
Incorporated  in  every  tobk  filtkrktte 


Your  radio  pleasure  neeil  never  be 
marred  bv  the  blurring  (listorti«)n  of 
ehnirical  interference.  In  hoim*s.  radio- 
equipped  cars  and  boats.  TOBK  Fll.TKR¬ 
KTTKS  will  help  afford  enjovable  recep¬ 
tion-clear  of  Man  Made  Static.  Stnne 
dav.  as  you  tune  in  on  long  or  short 
wave,  you'll  say.  "A'o  \oise  Please! 
Thanks  to  TORE  filterettes!” 


The  compart  TOBE 
ni.iKKKTiK  ...  the 
result  of  fifteen  years'  \ 
experience  in  the 
suppression  of  radio 
noise  created  by  electrical  inter- 
fererne  of  all  kinds.  It  replaces 
bulky  filters  and  costly  shielding 
methods. 


Tohe  noise  supprestint  s\^tem.%  are  us^d  on  the 

Tank  iUuUrated  ahove^  as  uell  as  J»'^p^,  (  ommand 
Tars,  U  eapon^  darrien^  Half  Tracks^  Torpedo  hnat^. 
Coast  (iuard  Tes.%elst  Developed  in  collaboration 

tvith  V,  5.  Signal  Corps  Labs.,  Fort  Monmouth,  <V.  J, 
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FERRANTI  electric,  inc 

I  k  II  Ills  II  I  I  R.  C.  A.  BLDG.,  NEW  YORK,  N.  1 


For  the  next  term  the  University 
of  North  Dakota  has  added  a  three- 
hour  course  in  electronics.  A  short 
E.S.M.W.T.  radio  technician  training 
course,  which  also  includes  work  with 
vacuum  tubes,  has  been  recently  added. 

At  Norwich  University,  one  semester 
of  electronics  is  requii’ed  of  all  elec¬ 
trical  engineering  students  in  the  junior 
year.  In  the  junior  year  there  are  two 
optional  courses:  A  one-term  course 
in  principles  of  radio,  and  a  second- 
term  course  in  communication  with  par¬ 
ticular  reference  to  high  frequency 
technique.  A  course  in  ultrahigh  fre¬ 
quency  technique  has  been  added  at  the 
University  of  Oklahoma  and  as  a  result 
a  previous  course  in  electronics  has 
been  revised  to  fit  in  with  the  UHF” 
course.  A  number  of  courses  in  com¬ 
munication  have  been  added  for  per¬ 
sons  desiring  radio  training  so  that 
they  will  be  prepared  to  enter  the  in¬ 
dustry  or  the  armed  services. 

In  the  Department  of  Physics  of 
Oregon  State  College  two  courses  in 
radio  are  given.  The  first  is  a  one- 
term  course  of  lecture  and  laboratory 
work  covering  the  elements  of  radio 
as  taken  up  and  the  average  text  on 
the  subject.  It  is  offered  for  the  benefit 
of  students  who  wish  to  gain  some 
knowledge  of  radio  but  who  do  not 
intend  to  follow  it  professionally.  The 
second  course,  for  juniors  is  offered  as 
a  preparation  in  the  .fundamentals  in 
communication  engineering,  preceding 
their  major  professional  work.  In 
the  School  of  Engineering,  a  course  in 
ultrahigh  frequency  technique  has 
been  added  and  is  taught  jointly  by 


EYES  OF  DEFENSE 


FERRANTI  has  always  worked  to  close  limits  of  accuracy 
in  the  design  and  production  of  transformers.  High  quality 
is  an  old  story  with  FERR.ANTI. 

Today,  modern  expanded  manufacturing  facilities  enable 
us  to  produce  in  quantity  to  strictest  .\rmy.  Navy,  and  Signal 
Corps  specifications  without  a  high  price  handicap. 

FERRANTI  is  ready  to  quote  on  sul)*contract  work  and  is 
in  position  to  supply  transformer  equipment  to  manufac¬ 
turers  of  radio,  electrical,  aircraft  and  electronic  equipment 
and  instruments. 

For  prompt  attention,  submit  your  specifications  on 
standard  or  special  transformers.  Prompt  deliveries 
for  quality  transformers  at  no  premium  in  our  prices. 

Phone,  wire  or  write  immediately. 


These  delicate  instruments  which  serve  as 
the  eyes  of  American  fighting  planes  and 
bomber  mechanisms  pass  through  the 
hands  of  a  Westinghouse  Meter  Division 
worker  for  one  of  the  final  assembly  op¬ 
erations  before  the  final  testing  after  which 
they  are  shipped  to  the  U.  S.  Army 
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CERAMIC  PURE  SILVER 
INSULATING  PLATE  MOISTURE  PROOF 

CASE  \  BONDING  CEMENT 


PURE  SILVER 
PLATE 


CERAMIC 

DIELECTRIC 


Cross  section  of 
Insulated  Erie  Ceramicon 


PERMANENCE  I  Erie  Ceramicons,  due  to  the  unique 
OF  CAPACITY  I  method  of  applying  plates  directly 
to  the  surface  of  the  dielectric,  are 
inherently  stable  in  capacity.  A  change  of  less  than 
^4  of  \%  will  be  found  after  subjecting  these  con¬ 
densers  to  repeated  heating  and  cooUng  cycles  of 
200  hours  at  212°F.  and  200  hours  at  -40°F. 

185°F.  is  recommended  as  a  maximum  safe  oper¬ 
ating  temperature. 


EFFECT  OF  Increase  in  power  factor  is  less  than 
HUMIDITY  20%  and  change  in  capacity  is  less 
^  than  }  4  of  1%  after  100  hours  at  100% 
relative  humidity  at  40°C.  Leakage  resistance  after 
this  same  test,  measured  at  1000  volts  D.C.,  is  over 
1000  megohms. 


EFFECT  OF  1  Condensers  of  the  PI 20  type  (max- 
TEMPERATURE  I  positive  temperature  coef- 

^  ficient)  have  a  positive  temperature 
coefficient  of  capacity  of  120x10“*  per  degree  C.  The 
N750  type  (maximum  negative  temperature  coeffi¬ 


cient)  have  a  negative  coefficient  of  750x10“*  per 
degree  C.  These  values  correspond  to  a  rise  of  .36% 
and  a  drop  of  2.25%  respectively  as  the  temperature 
is  raised  from  30°  to  60°C.  Commercial  tolerance 
on  temperature  coefficient  is  ±60  x  10~®  or  ±  15%, 
whichever  is  the  larger. 


POWER  I  The  power  factor  of  all  Ceramicons  will 
FACTOR!  increase  slightly  as  the  temperature  in- 
creases.  For  example,  a  20%  increase 
in  power  factor  will  result  from  a  change  in  temper¬ 
ature  from  30°  to  60°C. 


finishing!  Erie  Ceramicons  are  conservatively 
TESTS  J  rated  at  500  volts  D.C.  Test  voltage  is 
1300  volts  D.C.  Leakage  resistance 
at  1(XX)  volts  D.C.  is  over  10,000  megohms. 

All  Ceramicons  are  individually  checked  for 
capacity  and  power  factor  at  1  megacycle  before 
shipping.  Capacity  tolerance  is  set  to  customer's 
specification.  Power  factor  limit  is  .08%  maximum. 


ERIE  RESISTOR  CORP.,  ERIE,  PA  •  LONDON,  ENGLAND  •  TORONTO,  CANADA. 


Reprints  of  this  data  for  your  files  will  he  sent  on  request 
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TUNGSTfN  TO 
TUNGSTiN 
WILD 


I  Frazier  Hunt,  left,  famed  writer  and  world 
traveler  and  J.  G.  T.  Gilmour  of  General 
Electric's  new  television  station.  Mr.  Hunt 
has  conducted  news  broadcasts  for  G  E 
over  48  stations  of  the  Columbia  Broad¬ 
casting  System  and  selected  FM  stations 
of  the  American  Network.  Mr.  Himt  vis¬ 
ited  the  Schenectady  plant  to  check  up  on 
the  latest  data  in  the  expanding  field  of 
I  electronics 


electrical  engineering  and  physics  de¬ 
partments.  Courses  normally  offered 
by  the  electrical  engineering  depart¬ 
ment  include:  (1)  Airway  communica¬ 
tion  systems,  (2)  electrical  transients, 
(3)  electrical  characteristics  of  trans¬ 
mission  circuits,  (4)  communication  en¬ 
gineering,  (5)  vacuum  tubes  and  cir¬ 
cuits,  (6)  engineering  of  sound  sys¬ 
tems,  (7)  radio  engineering  and  (8) 
radio  engineering  practices. 

Last  fall  the  University  of  Pitts¬ 
burgh  was  one  of  forty  schools  selected 
to  give  special  training  in  ultrahigh 
frequency  technique  and  took  this  op¬ 
portunity  to  augment  previous  elec¬ 
tronic  work  by  the  addition  of  the 
equivalent  of  four  semester  credits  in 
ultrahigh  frequency  work.  This  recent 
addition  has  been  so  successful  and  so 
much  in  demand  that  it  has  been  de¬ 
cided  to  incorporate  it  as  a  permanent 
part  of  the  electrical  engineering 
program. 

Pratt  Institute  offers  three  communi¬ 
cation  and  electronic  courses  known  as: 
(1)  Electronics,  (2)  electrical  engineer¬ 
ing  laboratory  which  deals  with  the 
performance  of  vacuum  tubes  and  gas 
tubes  and  rectifiers,  and  (3)  communi¬ 
cation  engineering. 

.4t  Purdue  University  a  number  of 
electronic  and  communication  courses 
are  given  under  the  E.S.M.W.T.  pro¬ 
gram  and  for  other  governmental 
agencies,  but  in  the  main,  these  are 
not  college  credit  courses.  No  new 
electronic  courses  have  been  added  to 
the  curriculum  recently,  since  the 


HUNT  VISITS  G-E 
TELEVISION 


Scarcities-yes!  But  you  can  still  get 

TUNGSTEN  LEAD-IN  WIRES 


mh} 


KTiftBy  mtmi 

Mvtreioy  TwNg»i*ii 
Coiita<H,  |Mrpo(«(y 
dMignMl  to  rvdttc* 
gating  sad  crotklng. 
arm  oyoiieribto  for  oil 
oppficatioM. 


METROLOY 

for  dependability 

•  Available  to  meet  your 
precision  specifications, 
METROLOY  tungsten  lead-in 
wires  have  all  those  essential 
properties  and  characteristics 
for  vital  tube  performance. 
METROLOY  engineers  can 
meet  your  present  supply 
needs  with  lead-in  wires  built 
to  your  specifications.  In¬ 
quiries  are  treated  in  strictest 
confidence.  Why  not  write  us 
today?  Metroloy  Company, 
Inc.,  60  East  Alpine  Street, 
Newark,  N.  J. 


PRODUCTS 


TUNGSTEN 


TUNGSTEN  LEAD-IN  WIRES  *  TUNGSTEN  WELDS  •  TUNGSTEN  &  MDLYBDENUM  SUPPDRTS 
FDR  ELECTRDNIC  APPLICATIDNS  •  TUNGSTEN  CDNTACTS  FDR  ELECTRICAL  APPLICATIONS 
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Capacitance 

Standards 


General  Radio  air  and  mica  condensers  are  widely  used  as 
standards  of  capacitance.  For  this  reason,  the  General  Radio 
Company  maintains  a  careful  supervision  of  the  calibration 
standards  in  its  own  standardizing  laboratory.  These  fixed 
standards  cover  a  range  of  capacitance  from  1000  fifif  to  1  ^if 
in  values  of  1,  2  and  5  for  each  decade. 

These  standards  are  kept  in  a  temperature-controlled  room. 
A  complete  intercomparison  of  units  to  detect  drift  of  one 
unit  relative  to  the  others  is  made  at  least  twice  a  year;  addi¬ 
tional  measurements  of  selected  groups  are  made  more  fre¬ 
quently.  To  detect  drifts  of  the  system  as  a  whole,  a  complete- 
set  of  mica  standards  is  checked  once  in  two  years  by  the 
National  Bureau  of  Standards,  and  any  necessary  corrections 
in  the  recorded  capacitance  values  are  made.  Discrepancies 
are  seldom  as  great  as  0.02%*  This  capacitance  standardiza¬ 
tion  system  is,  therefore,  internally  consistent  at  all  times  to 
0.02%  or  better. 

The  guaranteed  accuracy  of  commercial  standards  calibrated 
in  the  General  Radio  laboratories  is  limited  to  0.1%  for 
capacitance,  which  is  the  accuracy  to  which  the  National 
Bureau  of  Standards  certifies  capacitance  calibrations. 


The  technique  of  compuring  capacitances  in  our  labora¬ 
tories  has  been  Jereloped  to  the  point  where  the  in¬ 
herent  errors  in  the  comparison  process  are  negligible 
in  terms  of  the  accuracy  of  the  standards.  The  overall 
precision  of  measurement  is  0.02^'c  for  capacitance  and 
O.OOOOSn  for  dissipation  factor. 
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electronic  program  which  was  built  up 
several  years  ago  covers  the  field 
quite  well. 

No  new  courses  are  being  offered  at 
Rice  Institute  this  summer  except  spe¬ 
cial  war  courses. 

At  South  Dakota  State  College  a 
three-credit  course  in  communication 
circuits  and  a  three-credit  course  in 
vacuum  tubes  are  offered.  Correspond¬ 
ing  laboratory  periods  are  required 
throughout  the  senior  year.  During 
the  last  year  the  amount  of  time  spent 
in  the  communication  tube  and  vacuum 
tube  laboratory  has  been  doubled.  A 
large  percentage  of  the  students  during 
the  past  year  have  chosen  individual 
laboratory  problems  in  communication 
in  a  course  on  “Electrical  Problems”. 
Courses  in  engineering  physics  of  which 
electronic  physics  is  one  option  are 
offered  by  the  physics  and  electrical 
engineering  departments. 

In  the  past  Swarthmore  College  has 
offered  a  course  in  electronics,  while 
instruction  in  communication  was  in¬ 
corporated  in  the  course  on  electric 
circuit  theory.  For  the  fall  term  the 
course  in  electronics  will  be  continued 
in  expanded  form  and  a  separate  course 
in  communication  will  be  added.  In¬ 
struction  in  communication  will  include 
the  fundamental  theory  and  design 
through  an  understanding  of  ultrahigh 
frequency  phenomena  and  technique. 

No  recent  changes  have  been  made 
in  course  material  at  the  University 
of  Tennessee  except  the  addition  of  an 
E.S.M.W.T.  radio  technician  training 
course  given  at  night.  Communication 
courses  offered  at  the  University  of 
Tennessee  at  the  pre.sent  time  include: 
(1)  Communication  engineering,  (2) 
telephone  equipment,  (3)  communica¬ 
tion  transmission  lines  and  (4)  radio 
antennas. 

There  has  been  very  little  change  in 
the  general  plan  of  communication 
instruction  at  the  Agricultural  and  Me¬ 
chanical  College  of  Texas  as  courses 
already  in  operation  were  considered 
adequate.  A  course  on  ultrahigh  fre¬ 
quency  technique  has  been  added  this 
year.  The  cour.ses  now  offered  include: 
(1)  Communication  engineering,  (2) 
electric  transmission,  (3)  radio  commu¬ 
nication,  (4)  electron  tubes,  (5)  com¬ 
munication  circuits,  (6)  advanced  com¬ 
munication  engineering  —  telephony, 
(7)  advanced  communication  engineer¬ 
ing — radio  and  (8)  ultrahigh  frequency 
technique. 

Two  courses  in  radio  are  being 
offered  at  the  present  time  in  the  Texas 
Technological  College.  One  of  these 
is  an  elementary  course  open  to  any 
college  student,  while  the  other  is  an 
advanced  course  open  to  senior  elec¬ 
trical  engineering  students.  A  one- 
semester  course  in  communication  is 
required  of  all  junior  electrical  stu¬ 
dents.  A  one-semester  course  in  engi¬ 
neering  electronics  is  required  and  an¬ 
other  but  shorter  course  on  the  same 
subject  is  elective.  Through  laboratory 
work  additional  problems  in  electronics 
may  be  studied  by  the  student. 

The  electrical  engineering  depart¬ 
ment  at  the  University  of  Texas  offers 


for  clear,  permanent 
identification  of  controls 


iAbttt)  FUNCTION  AND  OFItATION  of 

controls  explained  in  detail  with  En¬ 
graving  Lamicoid  panels  to  minimize 
misunderstandings  and  mistakes. 


IDENTIFYING  CONTROL  PANELS,  switches, 
junction  boxes  and  other  units  of  equipment 
subject  to  human  control  is  complicated 
from  the  production  standpoint  by  the  fact 
that  frequently  no  two  signs  are  alike. 

Many  manufacturers,  however,  have  found 
an  ideal  solution  both  for  their  products 
and  their  plants.  As  shown  in  the  illustra¬ 
tions,  Engraving  Lamicoid  (laminated  plas¬ 
tic  sheet  material)  is  used.  Letters  are  routed 
through  the  black  surface,  exposing  the 
white  opaque  core.  Identification  panels 
and  dials  are  permanent,  easily  fabricated 
and  extremely  legible.  Original  lustre  is 
retained  simply  by  wiping  with  a  damp  cloth. 

More  than  25,000  of  these  attractive  signs 
were  installed  last  year  by  one  company  at 
a  lower  cost  than  would  be  possible  by  any 
other  comparable  method. 


GIAok)  SWITCHtS  AND  CONTROLS 
clearly  identified  with  clean-cut 
lettering  and  calibrations  routed  into 
sheets  of  Engraving  Lamicoid. 


(Above)  EXTRA  lEGIIILITY  obtained 
with  rear  illumination  showing 
through  the  translucent  back  of 
these  engraved  instrument  dials. 

(Below)  UNUSUAL  VISIRILITY  obtained 
by  flashing  instrument  readings  on 
a  sheet  of  Translucent  Lamicoid. 


200  Varick  St.,  New’  York;  600  W.  Van  Buren  St.. 
Chicago;  1276  W.  Third  St.,  Cleveland.  Repre¬ 
sentatives  in  principal  industrial  centers. 


LAMICOID  is  available  in  set 
such  as: 


ENGRAVING,  "sandwich' 
described  above. 


TRANSLUCENT,  for  rear  illumination. 

GRAPH  1C,  in  which  printing  and  designs 
are  permanently  incorporated. 
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When  You  See 
This 

in  the  Newspapers 
Remember 
This  ^ 


AMERICAN  Business  Management  can 
J~\  work  miracles  of  war  production  be¬ 
cause  American  business  has  evolved  meth¬ 
ods  through  which  the  sum  of  genius  can  be 
greater  than  the  sum  of  its  parts. 

If  individual  brilliance  alone  were  the  secret, 
airplanes  would  have  soared  over  the  Acropolis  of 
Ancient  Greece.  There  have  always  been  bright 
minds. 

^  Industrial  progress  started  when  men  began  to 
share  their  ideas — when  the  inter-change  of  expe¬ 
rience  replaced  the  old  habit  of  hoarding  techniques. 

In  America,  methods  of  interchanging  ideas 
between  all  production  men  had  reached  a  high 
degree  of  perfection  long  before  war  placed  its 
gigantic  challenge. 

Thousands  of  conventions,  industrial  clinics, 
plant  visitation  groups,  patent  pools  and  other 
means  of  swapping  ideas  were  in  constant  use. 

Underlying  and  supporting  this  continuous 
trading  of  ’’know-how”  was  the  Industrial  Press 
developed  in  America  to  a  far  greater  degree  than 
anywhere  else  on  earth. 

Design  Engineers,  like  everybody  else  in 
United  States  production,  depend  upon  Industrial 
.Magazines  to  keep  them  from  wasting  time  on 
problems  that  somebody  else  has  already  solved. 


For  this  reason,  every  Design  Engineer  starts 
each  day’s  work  with  the  advantage  of  the  accu¬ 
mulated  experience  of  a  whole  nation.  He  does 
better  work  that  way. 

It’s  important  for  every  key  man  in  your 
organization  to  have  his  own  copy  of  each  indus¬ 
trial  magazine  that  can  help  him  do  a  better  job. 
The  few  dollars  saved  in  routing  single  copies 
around  the  plant  may  be  robbing  your  men  of 
valuable  experience  records. 

For  impartial  and  experienced  help  in  survey¬ 
ing  your  actual  needs  in  Industrial  Magazine 
subscriptions  write  to  the  Reading  (Counsellor, 
\lcGraw’-Hill  Publishing  (Company. 


THE  McGRAW-HILL  NETWORK 

More  than  1,000,000  of  the  executives,  designers  and 
production  men  who  give  America  her  world  supremacy 
in  technical  ’’know-how,”  use  the  editorial  and  adver¬ 
tising  content  of  the  23  McGraw-Hill  publications  as  a 
means  of  exchanging  ideas. 

THE  McGRAW-HILL  BOOKS 

Technical,  engineering  and  business  books  for  colleges, 
schools,  and  for  business  and  industrial  use. 


McGRAW-HILL  PUBLISHING  COMPANY,  INC. 


330  WEST  42nd  STREET 


NEW  YORK 


THE  McGRAW-HILL  NETWORK  OF  INDUSTRIAL  PUBLICATIONS 


American  Machinist 
Aviation 

Hus  Transportation 
Business  Week 


Coal  Age 

Construction  Methods 
Electrical  Contracting 


Electronics  Mill  Supplies 

Engineering  &  Mining  Journal  Power 

E.  &  M.  J.  Metal  and  Mineral  Markets  Product  Engineering 


Electrical  Merchandising  Engineering  News- Record 


Textile  World 
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Ward  (an  help  you  with 
your  antenna  problem 

WARD  PRODUCTS 

CORPORATION 

I 

1523  East  45th  Street 

ric\/ciAKin 


'  a  series  of  courses  in  electronics  and 
i  communication  for  undergraduates.  A 
course  in  communication  engineering  is 
required  of  those  majoring  in  this  field. 
This  course  covers  voice  frequency  tele¬ 
phony  and  radio  communication  sys¬ 
tems.  The  course  on  ultrahigh  frequency 
technique,  originally  offered  as  war  in¬ 
struction,  has  been  permanently  added 
to  the  curriculum.  Graduate  courses  are 
offered  in:  (1)  Advanced  communica¬ 
tion  network  analysis,  (2)  radio  trans¬ 
mitters  and  receivers,  (3)  television 
engineering  and  (4)  antennas  and 
wave  propagation. 

During  the  past  two  years  the  Tu- 
lane  University  of  Louisiana  has  had 
a  gradual  and  steady  expansion  of 
instruction  in  electronics.  Beginning 
this  fall  electrical  engineering  students 
are  required  to  have  three  full  terms 
of  electronics,  beginning  in  the  middle 
of  their  junior  year.  Electronic  facili¬ 
ties  are  being  considerably  expanded 
and  the  arts  "and  science  students 
majoring  in  physics  will  be  required  to 
take  courses  in  electronics  offered  by 
the  electrical  engineering  department. 
A  course  in  electric  transmission  is  re¬ 
quired  in  the  second  semester  of  the 
senior  year  and  approximately  one- 
third  of  the  time  is  devoted  to  wire 
communication  sy.stems. 

At  the  Virginia  Military  Institute  no 
<;  courses  have  been  added  or  renamed, 
but  the  subject  matter  has  been 
changed  to  place  greater  emphasis  on 
electronics.  A  conservative  estimate 
places  this  increase  at  three  semester 
hours. 

Existing  courses  are  believed  to  be 
adequate  at  Virginia  Polytechnic  Insti¬ 
tute  so  that  no  radical  changes  have 
been  made  recently.  All  electrical  engi¬ 
neering  students  take  a  basic  course 


in  the  theory  of  electronics,  while 
t.hose  specializing  in  communication, 
may  take  courses  in  communication  and 
radio  engineering.  All  of  the  courses 
include  laboratory  as  well  as  classroom 
instruction.  At  the  present  time  a 
course  in  ultrahigh  frequency  technique 
is  being  off  ered  for  junior  officers  in  the 
Navy.  It  is  anticipated  that  the  ma¬ 
terial  of  this  course  will  be  retained 
for  the  regular  engineering  students. 

No  new  courses  in  electronics  or 
communication  are  being  offered  at  the 
University  of  Virginia.  Classroom  lec¬ 
tures  are  offered  on:  (1)  Electronics, 
(2)  advanced  electronics,  (3)  electrical 
communication,  (4)  communication 
fundamentals,  and  (5)  I’adio  frequency 
measurement.  Laboratory  work  in  com¬ 
munication  and  radio  laboratories  is 
also  offered. 

The  electrical  engineering  depart¬ 
ment  of  the  University  of  Washington 
is  now  devoting  practically  all  of  its 
energy  to  training  men  in  electronics. 
The  students  still  receive  their  basic 
studies  in  alternating  and  direct  cur¬ 
rent  and  regular  work  in  transients. 
Electronics  replaces  power  work  for 
advanced  study.  In  addition  to  the 
courses  in  vacuum  tubes,  radio  and 
transmission  lines  and  antennas,  which 
have  been  offered  for  some  time,  two 
courses  in  ultrahigh  frequency  tech¬ 
nique  are  now  being  given  for  the 
coming  year.  Fully  95  percent  of  the 
students  will  take  all  of  the  electronic 
courses. 

Yale  University  offers  three  new 
courses  relating  to  electronics  and  com¬ 
munications:  electrical  communication 
and  elements  of  radio  engineering  for 
non-electrical  students  and  ultrahigh 
frequencies  for  electrical  engineering 
seniors. 


Shown  here  is  a  radio  operator  at  Cabot  Tower,  St.  lohn's,  Newfoundland. 


This  is  the  site  where  Marconi  received  his  first  radio  message  in  1901 
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It  will  open ...  of  course! 


Because  it  has  been  folded  properly, 
liecause  it  has  lieen  made  with  care. 
Because  it  has  been  ins|>ected  with 
even  }?reater  care. 

And  because  it  has  been  stored  in 
a  sjjecial  air  conditione<l  room — with 
exact  temperature  and  humidity 
control  —  to  protect  the  silk  fabric 
a^jainst  mildew  or  other  climatic 
damage. 

Onlinary  air  conditioning  .  .  .  the 
kind  of  airconditioningyou’ve  known 
in  the  past  . .  .  wouhln't  do  for  a  job 
like  this.  More  precise  . .  .  and  more 


flexible  equipment . . .  the  air  condi¬ 
tioning  of  the  future  .  .  .  had  to  l)e 
developed. 

(leneral  Electric  has  V>een  speciali- 
zing  in  meeting  the  tlitficult  air 
conditioning  problems  create<l  by 
.\merica'swar  effort.  Airconditioning 
to  preserve  materials. .. to  improve 
the  ojH'ration  of  machinery  ...  to 
make  it  easier  for  men  to  work  better ! 

When  final  V’ictory  is  won,  many 
valuable  lessons  learned  in  fighting 
the  Battle  of  Production  will  Ik* 
turnetl  to  the  uses  of  |.K‘acc. 


More  people  will  Ik?  able  to  enjoy 
air  conditioning  in  homes, offices  and 
other  places... Ijeca use  it  will  be  less 
expensive,  more  compact.  .\nd  it  will 
b<*  vastly  improved  air  conditioning 
. . .  with  accurate  control  of  liumidili/ 
as  well  as  temperature.  Rcijuired 
climates  will  be  reproduced  at  will. 

When  the  time  comes  to  supply  the 
air  conditioning  needs  of  the  post¬ 
war  world.  General  Electric  will  lx* 
ready,  (jleneral  Electric  Co.,. Vir  Con¬ 
ditioning  and  (’ommercial  Refriger¬ 
ation  Department,  Bloomfield,  X.  J. 


GENERAL  @  ELECTRIC 


ELECTROINICS  —  Sej)temhvr  1Q42 


1 


NEWS  OF  THE  INDUSTRY 

War  Department  controls  Alaska  com¬ 
munication  system.  National  Patents 
Planning  Commission  headed  by  Dr. 

Charles  F.  Kettering.  Additional  uses  of 
quartz  crystals  permitted  by  WPB 


Communication  Control 

Board  of  War  Communications  has 
pranted  to  the  War  Department  con¬ 
trol  of  all  communications  in  Alaska 
except  those  operated  by  the  Navy. 
Some  700  radio  stations  come  under  this 
order;  which  gives  the  Army  complete 
control  of  interior  communications. 
Navy  has  operated  the  coastal  stations; 
Army  has  operated  the  major  wire 
communications  systems  to  and  from 
Alaska. 

BWC  has  also  granted  FCC  authority 
to  remove  all  apparatus  and  equipment 
of  every  amateur  radio  station  in 
Puerto  Rico  and  the  Virgin  Islands. 
Furthermore  all  apparatus  not  licensed 
by  the  Commission  is  to  be  removed. 
All  such  apparatus  will  be  impounded 
by  the  Commission. 


Patent  Planning  Commission 

To  MAKE  A  THOROUGH  study  of  the 
present  patent  system,  to  determine 
whether  or  not  the  present  laws  should 
be  revised,  and  whether  best  use  is 
being  made  of  patents  now  granted  by 
the  U.  S.  Patent  Office,  a  National 
Patents  Planning  Commission  has  been 
set  up  by  the  President.  Dr.  Charles 
F.  Kettering,  vice-president  of  General 
Motors  in  chargre  of  research  is  the  head 
of  this  commission;  Executive  Director 
is  Dr.  A.  A.  Potter,  Dean  of  Engineer¬ 
ing  of  Purdue  University.  Other  mem¬ 
bers  are  Edward  F.  McGrady,  vice- 
president  in  charge  of  labor  relations, 
RCA;  and  Owen  D.  Young,  Chairman 
of  the  Board,  General  Electric  Com¬ 
pany. 


War  Production  Board 

Additional  permitted  uses  of  quartz 
crystals  have  been  announced  as  fol¬ 
lows: 

Replacements  of  defective,  cracked  or 
broken  radio  oscillators  and  filters  and 
optical  parts  in  instruments  directly 
used  for  war,  public  health,  welfare  or 
security. 

Radio  oscillators  and  filters  for  use 
in  radio  systems  owned  by  foreign 
governments  or  for  commercial  airlines 
operating  in  foreign  countries. 

Under  the  terms  of  the  order,  pur¬ 


chasers  of  quartz  crystals  or  parts 
containing  them  must  file  a  certificate 
that  the  use  of  the  crystals  will  con¬ 
form  to  the  provisions  of  the  order. 
This  action  removes  the  requirement 
for  a  certificate  if  the  purchaser  is  a 
U.  S.  Agency  or  a  foreign  govern¬ 
mental  agency. 

Higher  preference  ratings  to  enable 
communications  companies  to  obtain 
copper  necessary  for  operation,  con¬ 
struction,  maintenance  and  repair  have 
been  granted.  The  action  was  taken 
in  amendments  to  Orders  P-129  and 
P-130. 

P-129  raises  the  rating  for  telephone, 
telegraph,  cable  and  radio  companies 
for  copper  from  A-3  to  A-l-j.  Copper 
order  M-9-a  restricts  deliveries  of  cop¬ 
per  to  A-l-k  or  higher  and  today’s 
action  enables  these  communications 
companies  to  obtain  materials  in  con¬ 
formity  with  that  order. 

P-130  gives  a  similar  rating  for 
deliveries  of  copper  necessary  for 
operating  construction  by  telephone 
companies,  such  as  connection  of  sub¬ 
scribers,  changes  in  central  office  equip¬ 
ment,  and  the  like. 

The  A-3  rating  continues  in  effect  for 
supplies  other  than  copper. 


Non-radiating  Radios 

Craft  of  the  British  Royal  Navy  are 
equipped  with  portable  radio  sets  for 
ships’  crews  which  do  not  give  away  the 
ships’  position  to  the  enemy.  The 
sets  are  shielded  and  therefore  do  not 
radiate.  The  manufacturers  of  these 
sets  made  several  modifications  in  a 
standard  portable  radio,  giving  it  an 
exceptionally  strong  cabinet  and  fitting 
the  chassis  so  the  set  would  be  able 
to  stand  up  under  hard  usage.  No 
storage  battery  is  necessary,  and  the 
B-battery  gives  240  hours’  service. 

U.S.  WAR  EXPENDITURES  -  Daily  Rate 
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Fresh  batteries  can  be  supplied  at  the 
rate  of  1,000  a  week,  and  10,000  re¬ 
placement  tubes  have  been  sent  out  in 
the  last  twelve  months.  The  Navy  has 
15,000  of  these  sets.  RAF  has  6,000 
and  the  Army  has  8,000. 


Personnel 

R.  C.  Cosgrove,  vice-president  and  gen¬ 
eral  manager  of  the  manufacturing 
division  of  The  Crosley  Corporation, 
has  been  re-elected  for  a  three-year 
period  as  director  of  the  Radio  Manu¬ 
facturers’  Association. 

V.  H.  Fraenckel  will  have  charge  of 
the  co-ordination  of  commercial  engi¬ 
neering  of  all  product  lines  of  the  Gen¬ 
eral  Electric  Radio,  Television  and 
Electronics  Department.  G.  F.  Met¬ 
calf  who  had  charge  of  this  work  be¬ 
fore,  is  now  Lt.  Col.,  in  the  Signal 
Corps. 

The  Kellogg  Switchboard  and  Supply 
Company  announce  the  appointment 
of  Robert  M.  Kalb  as  Chief  Engineer 
of  the  Company.  Mr.  Kalb  was  at  one 
time  an  instructor  in  the  electrical 
engineering  laboratory  at  Ohio  State 
University,  and  was  associated  with 
Bell  Telephone  Labs  for  thirteen  years 
doing  research  work  on  transmission 
and  circuit  problems. 

The  new  advertising  manager  for 
Sylvania  Electric  Products  Inc.,  (for¬ 
merly  Hygrade  Sylvania)  radio  tube  di¬ 
vision  is  H.  C.  L.  Johnson,  who  has  been 
a.ssistant  advertising  manager. 


Moves 

Hugh  H.  Eby,  Inc.,  announces  the  re¬ 
moval  of  executive  and  sales  offices  to 
18  West  Chelten  Ave.,  Philadelphia, 
Pa.  The  engineering,  production,  and 
purchasing  department  offices  will 
continue  to  be  located  at  the  plant 
address  at  4700  Stenton  Ave.,  Phila¬ 
delphia. 

The  entire  manufacturing  plant  of 
the  x-ray  division  of  the  Westinghouse 
Electric  &  Mfg.  Co.  has  been  moved 
from  Long  Island  City,  N.  Y.,  to 
Baltimore,  Md.  The  administrative 
offices  were  transferred  early  this  year. 

For  the  purpose  of  assisting  U.  S. 
Government  Departments  with  respect 
to  radio  communication  equipment  be¬ 
ing  manufactured  under  government 
contracts,  the  Jefferson-Travis  Radio 
Mfg.  Corp.,  announces  the  opening  of 
a  branch  office  in  Washington,  D.  C.,  at 
1026  17th  St.,  N.  W.  Mr.  F.  Lee 
Hardesty  resigned  his  position  in  the 
radio  procurement  division  of  the 
British  Air  Commission  to  accept  a 
post  in  charge  of  this  new  office. 

A  NEW  PLANT  at  Providence,  R.  L. 
has  been  placed  in  operation  by  Cornell- 
Dubilier  Electric  Corp.  The  new  plant 
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Accessories  included  on  special  order ; 


•  Standard  Models  are  available  in  two 
sizes  of  clear  visible  test  space: 

MR  966  V — 24  in.  high  by  24  in.  wide  by 
16"  front  to  back. 

MR  965  V — 12  in.  high  by  12  in.  wide  by 
12"  front  to  back. 

Temperature  Ranges  for  standard  models 
are  from  4-158°Fahr.  to  -40°F,  -76®F, 
OR  -100°F. 


RECORDING  PYROMETERS 

RECORDING  VACUUM  GAGES 

MANOMETERS 

VIBRATION  TESTERS 

RATE  OF  CLIMB  INSTRUMENTS 


•  Engineering  department  will  gladly  co¬ 
operate  with  you  on  any  high  altitude 
test  or  calibration  problem  or  on  special 
size  or  purpose  chambers. 


MOBILE  REFRIGERATION  INC 


630 — 5th  AVENUE 


NEW  YORK,  N.  Y. 


HIGH  ALTITUDE . 

TEST  and  CALIBRATION  CHAMBERS 

FOR  AIRCRAFT  AND  ELECTRONIC  INSTRUMENTS 


POSITIVE  AUTOMATIC  MECHANICAL  MEANS  PROVIDE: 


•  LOW  TEMPERATURE  TO  -100°F 

•  HIGH  TEMPERATURE  -H58°F 

•  TEMPERATURES  THERMOSTATIC¬ 
ALLY  HELD  WITHIN  2°F 

•  ALTITUDE  70,000  FEET 

•  INTERNAL  PRESSURES  TO  30  lbs. 
sq.  inch. 

O  RATE  OF  CLIMB  TO  10,000  Ft.  Min. 

•  HUMIDITIES 

AUTOMATIC  OR  MANUAL  CONTROL 
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EICOR, ln(  ,I0S0  W.  Adams  St.,C)<i(Q90,U.S.  A. 


is  slated  to  process  raw  materials  for 
the  C-D  plants  in  South  Plainfield, 
N.  J.  and  New  Bedford,  Mass.  The  new 
plant  will  employ  from  800  to  1000 
employees,  boosting  the  company’s  total 
personnel  to  well  over  3000. 

The  size  of  Presto  Recording  Corp. 
plant  is  being  doubled  to  aid  the  en¬ 
gineering  department  in  making  more 
efficient  use  of  shop  facilities  and  thus 
increase  output  of  military  equipment. 


IF  DYNAMOTORS 
GREW  ON  TREES 


anybody  might  grow  them 
in  quantities,  but  no  two 
would  ever  be  alike. 

Eicor  Dynamotors,  built  by 
an  organization  of  experts, 
are  uniform  to  a  degree 
never  before  attained  in 
this  field.  They  are  exact  in 
dimension  and  perform¬ 
ance,  surpassing  specifica¬ 
tion  requirements.  For  this 
reason  they  are  often  used 
as  a  basic  factor  of  design 
in  new  communications 
equipment.  Eicor  special 
ized  engineering  can  be  o: 
real  assistance  to  you. 


The  United  States  Navy  is  in  need 
of  civil  junior,  assistant  and  associate 
radio  engineers;  assistant  and  associate 
physicists  and  physicists  for  labora¬ 
tory  research  and  development  work 
in  conjunction  with  the  war  effort  pro¬ 
gram.  Salaries  range  from  $2000  to 
$3800  per  annum.  Information  or  ap¬ 
plication  forms  may  be  had  from  The 
Director,  U.  S.  Navy  Radio  and  Sound 
Laboratory,  San  Diego,  Cal. 

The  Lexington  Signal  Depot  is  en¬ 
gaged  in  a  training  program  in  which 
several  thousand  civilian  employees, 
radio  mechanics  and  radio  engineers, 
will  be  trained  in  the  maintenance  of 
the  radio  equipment  used  by  the  Signal 
Corps.  The  Depot  is  in  urgent  need 
of  competent  instructors.  The  eligi¬ 
bility  of  an  applicant  is  determined  by 
his  training  and  experience  and  com¬ 
petitive  Civil  Service  examinations  are 
not  given.  The  appointments  are 
classified  as  War  Department  Indefi¬ 
nite  type  jobs  which  means  that  the 
employee  does  not  obtain  a  permanent 
Civil  Service  status,  nor  has  he  the 


Generafing 
PHOTO-ELECTRIC  CELLS 


•  The  new  R-IOOO  Photo-Electric 
Cell,  os  illustrated,  generates 
3000 Microamperes  at  80  foot- 
candles.  It  has  been  developed 
forapplications  such  as  twilight- 
switches,  light- barriers,  etc. 


ttOOO*.*^  -1 


For  Everything  in 
ElertrottUs  &  Radio 


•  Emby  Photo-Electric  Cells  are 
manufactured  in  8  standard 
sizes,  each  in  three  sensitivity 
ranges.  Our  engineering  de¬ 
partment  will  assist  you  with 
all  problems  involving  photo¬ 
electric  cell  applications. 

Bulhtin  containing  atl 
technical  data  will  be 
mailed  on  request  .  .  . 


WITH  THE  RED  ARMY 


Special  ceHt  !• 

customer's  spccitico* 
lions.  Wo  oro  oquippod 
to  monufJcturo  coMs  Of 
all  shapes  and  sisos  re- 
sardless  of  quantities 
involved. 


dependable 
,F  SUPPLY  .  . 
lEO  Catalog- 


\0W 
[source  c 
ivour  ALL 


.  .  cy*rv^Wnq  '! 

Equ'P*^*."'*  Tuba*. 

inq  Vines;  |\ectronie.  ,5.000 

Cataloq  2A-J-2.  /g 

Copy.  ^ 


[Waller  Kerr,  war  correspondent,  writing 
in  the  New  York  Herald  Tribune,  luly  2 
said,  "This  cavalry  corps  (2nd  Guards 
Cavalry  Corps)  has  little  American  field 
equipment,  but  I  noticed  that  the  field  tele¬ 
phones  used  .  .  .  were  manufactxued  by 
the  Connecticut  Telephone  and  Electric 
Corporation.  The  sets,  of  EE-8-A  type,  were 
neatly  packed  in  leather  cases.  General 
Krukov  remarked:  'They're  good;  they're 
excellent.' " 


*^^0.f[ECTWC 


EASTERN  SALES  DIVISION 

2957-214th  Street,  Bayside,  L.  I.,  N.  Y. 
Telephone,  Bayside  9-8958 
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Transformers  designed  to  the  rigid  requirements  of  the 
United  States  Navy  have  characteristics  that  enable  them 
to  meet  the  most  extreme  conditions. 


Waterproof  —  Hermetically  Sealed  Transformers,  built  to 
these  specifications  by  the  Chicago  Transformer  Corpora¬ 
tion,  not  only  pass  the  Navy  Five  Cycle  Salt  Water  Im¬ 
mersion  Test  but  also  other  severe  operating,  temperature 
and  pressure  tests  set  up  in  our  own  laboratories. 


This  is  United  Air  Lines'  newly-designed 
vibration  generator  for  testing  aircraft 
radio  equipment  under  conditions  consider¬ 
ably  in  excess  of  those  encountered  in 
flight.  H.  N.  Wilcox,  who  developed  the 
device,  is  putting  a  radio  receiver  through 
a  typical  test.  An  air-operated  generating 
unit  (below)  actuates  the  test  table  to 
which  the  radio  set  is  attached  (above) 
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if 


In  1939  THE  Westinghouse  Electric  : 
&  Manufacturing  Company  founded  at 
Mellon  Institute  an  Industrial  Fellow¬ 
ship  to  conduct  investigational  work  j 
on  plasties,  especially  synthetic  resins,  1 
for  constructional  purposes.  Since  then  I 
the  Fellowship  staff  has  been  carrying  i 
on  research  on  new  raw  materials,  new  j 
molded  prcxlucts,  and  new  processing  j 
methods,  evaluating  them  for  commer¬ 
cial  application.  In  these  activities 
particular  emphasis  has  been  placed 
on  the  employment  of  plastics  in  those 
fields  where  the  uses  of  resinous  ma¬ 
terials  are  unknown,  limited,  or  un¬ 
developed. 

Following  the  completion  of  this  I 
basic  research  program  two  specialists,  | 
H.  Ross  Strohecker  and  William  B.  , 
Johnston,  will  conduct  the  subsequent 
investigational  and  developmental  work 
of  the  Fellowship.  Mr.  Strohecker 
will  give  attention  to  the  physical 
technology  involved  and  Mr.  Johnston  j 
will  perfect  the  chemical  processing  in-  | 
eluded  in  the  comprehensive  project. 
These  plasticians  will  have  the  direct 
and  constant  cooperation  of  experts  in 
the  Westinghouse  organization. 


SHAKE  TEST  FOR  RADIO 


right  to  expect  that  this  work  will  be  I 
continued  after  the  war  has  ended. 
Only  persons  in  a  deferred  draft  classi-  j 
fication  are  considered  for  employment.  i 
Women  are  just  as  eligible  as  men. 
Salaries  range  from  $2000  for  junior  ' 
instructors  to  $3,800  for  radio  electrical 
instructors,  P-4.  All  communications 
should  be  addressed  to  Captain  W.  ; 
Gayle  Starnes,  O.I.C.,  Civilian  Train-  ; 
ing,  Lexington  Signal  Depot,  Lexing¬ 
ton,  Kentucky. 


TRANSFORMERS 
THAT  GO  TO  SEA 


Official 
U  S  Novv 
phofogrooh 


Welding  Controls 

(Continued  from  page  58) 


THERMOSTA  TIC  Bl^ META  LS 


b-iUons.  These  conducting  and  non¬ 
conducting  buttons  pass  by  a  set  of 
contact  brushes  at  the  rate  of  one 
button  per  half  cycle,  or  one  button 
per  cycle,  depending  upon  the  motor 
gear  box  gear  ratio.  The  brushes 
render  the  firing  tubes  conductive 
in  accordance  with  the  timing  pat¬ 
tern  set  up  on  the  motor-driven 
chain.  (By  means  of  auxiliary  link 
contacts  and  auxiliary  brushes,  the 
timing  may  be  initiated  at  a  definite 
point  on  the  timing  chain  to  provide 
special  timing  patterns.  Any  special 
timing  pattern  can  be  provided  by 
full  electronic  control,  although  there 
are  cases  where  the  additional  com¬ 
plication  and  expense  may  not  be 
justified,  therefore  making  the  chain 
type  timer  preferable. 


EM.ECTRMCAL  CONTACTS 


Dryers  or  Dive  Bombers 


★  Then  in  peace-time,  and  now  war,  Wilco  parts  have  been 
meeting  the  most  exacting  industrial  requirements.  The 
H.  A.  Wilson  Company  has  specialized  in  the  scientific  appli¬ 
cation  of  thermostatic  bi-metals  and  electrical  contacts  to  meet 
specific  applications  in  aviation,  automotive,  marine  and  gen¬ 
eral  industrial  fields.  Thermostatic  bi-metals  of  high  and  low 
temperature  types  are  available  in  wide  variety.  Also  a  series 
of  resistance  bi-metals  (from  24  to  440  ohms  per  sq.  mil,  ft.). 


The  H.  A. WILSON  CO 


Aafomatic  H*at  Adjusting  Cenfrelt 

The  preceding  discussion  embrace.s 
a  variety  of  timing  controls  and  heat 
controls  which  are  required  for  the 
several  methods  of  resistance  weld¬ 
ing.  Although  such  controls  perform 
their  functions  with  precision  and  de¬ 
pendability,  the  quality  of  the  weld 
also  depends  on  the  proper  control 
of  other  factors.  Among  these  are 
the  design  and  surface  condition  of 
the  work,  pressure  applied  to  the 
work  and  variation  in  welding  cur¬ 
rent  magnitude  caused  either  by 
changes  in  w'elder  impedance,  welder 
power  factor  or  power  supply  voltage. 
Of  the.se,  the  variation  in  welding 
current  is  strictly  of  an  electrical 
nature;  in  many  applications  control 
of  the  welding  current  requires  fur¬ 
ther  diversification  of  electronic  con¬ 
trol.  This  refers  to  electronic  controls 
classified  as  voltage  compensators, 
voltage  regulating  compensators,  and 
current  regulating  compensators. 

These  controls  utilize  the  advan¬ 
tages  offered  by  heat  control  of  weld¬ 
ing  current  by  the  phase  shift  method 
previously  explained,  whereby  igni- 
trons  are  operated  at  a  definite  in¬ 
stant  during  each  half  cycle.  This  is 
done  by  controlling  the  angle  of  the 
peaked  triggering  voltage  applied  to 
the  grids  of  the  firing  thyratrons. 
Referring  to  Fig.  4,  the  normal 
welder  current  is  represented  by  the 
solid  voltage  and  current  waveforms 


105  CHESTNUT  ST.,  NEWARK,  N.  J. 

Branches;  Chicago  and  Detroit 


PRECISION-BUILT  .  .  Far 
Reliable  Frequency  Control 


«  Accurocy  and 
.dependability  are 
built  into  every 
Bliley  Crystal  Unit, 
Specify  BLILBY  for 
P  assured  performance. 
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while  a  low  w’elding  current  condi¬ 
tion  is  represented  by  the  dotted 
waveform.  Since  the  heating  effect  | 
of  the  welding  current  varies  as  the  j 
rms  values,  the  reduction  in  heat  is 
considerably  greater  than  the  reduc¬ 
tion  in  current.  This  reduction  in 
welding  current  may  be  caused  by 
.several  factors  but,  in  any  case,  effec¬ 
tive  value  of  welding  current  may  be 
restored  by  advancing  the  firing 
point  to  provide  the  current  wave 
shown  by  the  dashed  waveform. 

The  purpose  of  a  voltage  compen¬ 
sator  is  to  advance,  automatically 
but  arbitrarily,  the  firing  point  a 
definite  angle  for  a  given  reduction 
in  power  supply  voltage.  Proper  co¬ 
ordination  of  the  relation  between 
power-supply  voltage  and  firing  angle 
provides  a  very  economical  way  of 
compensating  for  power-supply  volt¬ 
age  variations  but,  obviously,  this 
depends  on  proper  coordination  over 
the  entire  heat  control  range  and 
for  different  power-factor  loads.  A 
voltage  regulating  compensator  for 
resistance  welders  regulates  the 
value  of  the  voltage  applied  to  the 
primary  of  the  welder.  Since  the 
purpose  of  electronic  welding  controls 
is  to  maintain  a  predetermined  value 
of  welding  current,  a  current  regu¬ 
lating  compensator  is  considered  ad¬ 
vantageous  because  it  responds  to 
all  variable  factors  affecting  the  cur¬ 
rent  magnitude. 

Voltage  compensators,  voltage  reg¬ 
ulating  compensators,  and  current 
regulating  compensators  are  similar 
in  their  methods  of  operation  in  that 
they  control  the  firing  angle  of  igni- ! 
trons  in  accordance  with  an  indica¬ 
tion  that  the  welding  current  is  lower 
or  higher  than  the  heat  control  set¬ 
ting.  Controls  differ  in  the  means  of 
providing  welding  current  indication 
and  the  method  of  applying  this  in¬ 
dication  as  a  phase  controlling  ele¬ 
ment  for  the  grids  of  the  firing  tubes. 
The  operation  of  a  voltage  regulating 
compensator  for  resistance  welding 
will  be  used  as  a  typical  example  for 
t'xplaining  the  operation  of  such 
controls. 

Referring  to  Fig.  5,  showing  the 
schematic  circuit  diagram  of  a  spot 
welding  control  and  an  auxiliary 
voltage  regulating  compensator  con¬ 
trol,  it  will  be  observed  that  one 
component  of  the  auxiliary  conti'ol 
consists  of  a  pair  of  phase-controlled 
thyratrons,  tubes  5A  and  6A,  operat¬ 
ing  a  dummy  load  continuously.  This 
dummy  load  consists  essentially  of  a 


Private  Jones . . . 
know  WHY  you're  the  best 
soldier  in  the  world? 


You’ve  got  everything  it  takes,  in  courage  and 
determination.  And  you  have  something  else  that’s 
all-important:  the  finest  of  fighting  equipment. 

We  know  because  we’re  in  the  army  too.  In 
fact,  this  is  our  second  hitch  in  twenty-five  years. 
Our  job  is  making  precision  electrical  devices,  like 
the  portable  field  telephone  equipment  which  en¬ 
ables  you  to  get  the  jump  on  the  enemy  in  com¬ 
munications.  Army  engineers  have  seen  to  it  that 
you  have  unsurpassed  equipment,  and  this  technical 
superiority  makes  you  ’’tops”  among  fighting  men. 

Connecticut  is  one  of  many  industrial  plants 
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_  ^  -  w'ar  is  settled  .  .  .  settled  our  way.  Like 
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THIS  IS  A 


DIAMOND  ABRASIVE 

CUT-OFF  WHEEL 


ESPECIALLY  DESIGNED  FOR  CUTTING 
QUARTZ  PIEZO  RADIO  CRYSTALS 

Fclker  Di-Mct  diamond  abrasive  cut-off 
u  licels  are  made  m  steel  and  copper  bond 
m  size's  ranging  from  to  :4'',  m  various 
thicknesses,  and  m  resmoid  bond  m  5".  4", 
and  6"  diameter.  There  is  a  Felker  Di- 
Met  C/it -off  Wheel  available  for 
every  cutting  operation  necessary 
for  production  of  finished  crystals. 

Cuts  as  thin  as  .015"  have  Ix-en  made  pos¬ 
sible  through  diamond  abrasive  cut-off 
wheels  and  precision  cutting  machmerv 
bearing  the  Felker  Di-Met  trade  mark. 
This  equipment  virtually  eliminates  chip¬ 
ping  and  surface  cracking. 

For  sixteen  \ears,  Felker  Manufacturing 
Company  has  pioneered  m  the  develop¬ 
ment  and  manufacture  of  diamond  abra¬ 
sive  cut-off  wheels  and  precision  cutting 
machines  for  this  field  T  he  facilities  of  its 
research  and  engineering  staff  arc  at  the 
ser\  ice  of  American  mdustrv . 

Inquiries  are  invited. 

FELKER  MANUFACTURING  CO. 

TORR.\NCE>CALIFORSlA 
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series  reactor  and  resistor  with  a  | 
power-factor  the  same  as  the  welder.  I 
The  peaked  triggering  voltages  from  ! 
Ti,  for  phase  controlling  the  thyra- 
trons  energizing  the  dummy  load, 
are  in  phase  with  the  peaked  trig¬ 
gering  voltages  applied  to  the  firing 
tubes  of  the  main  welder  control. 
Therefore,  the  same  effective  value  | 
of  phase-controlled  voltage  is  applied  i 
to  the  dummy  load  and  to  the  welder  ! 
but  the  welder  is  energized  intermit-  I 
tcntly  in  accordance  with  the  spot  ! 
welding  demands.  | 

The  effective  voltage  existing  ! 
across  the  dummy  load  resistors  is  j 
rectified  by  tube  2.  This  d-c  voltage  i 
across  is  compared  with  the  d-c 
voltage  across  C,  obtained  from  a  por¬ 
tion  of  the  secondary  voltage  of  a 
constant-voltage  type  transformer, 
Tt,  according  to  the  heat  control  set¬ 
ting  of  Pi  and  rectified  by  tube  1. 
The  voltage  across  Ci  is  used  as  the 
standard  for  reference.  These  volt¬ 
ages  are  compared  by  connecting 
them  in  series  opposition  such  that  , 
the  regulated  d-c  voltage  across  C, 
tends  to  make  the  grid  of  tubes  3  and 
4  positive,  while  the  unregulated  d-c 
voltage  across  Cj  tends  to  make  the  j 
grids  of  these  tubes  negative.  An  a-c  | 
grid  voltage  obtained  from  T„  and  j 
lagging  the  anode  voltage  of  tubes 
3  and  4  approximately  90  degrees,  is 
applied  in  series  with  the  voltages  of 
Cl  and  C.  in  the  grid  circuits  of  these 
tubes.  Therefore,  tubes  3  and  4  are  ' 
rendered  conductive  at  instants  dur¬ 
ing  the  positive  half  cycles  of  their 
anode  voltages  depending  upon  the 
adjustment  of  P,  and  the  difference 
in  voltage  between  the  regulated  and 
unregulated  d-c  components  of  grid 
voltages.  The  anode  currents  of 
tubes  3  and  4  flowing  through  the 
d-c  winding  of  a  saturable  reactor 
SR,  control  the  a-c  impedance  of  the 
winding  SR-AC  which  is  connected 
in  the  pha.se-shifting  circuit  control¬ 
ling  the  firing  angle  of  the  firing 
tubes  5  and  6  and  the  dummy  load 
control  tubes  5 A  and  6 A.  For  a 
given  value  of  power-supply  voltage 
the  stable  firing  angle  of  tubes  5A 
and  6A  (and  consequently  firing 
angle  adjustments  for  tubes  5  and  6) 
is  determined  by  the  heat  control  set¬ 
ting  of  P,. 

If  the  power-supply  voltage  de¬ 
creases,  the  d-c  voltage  across  Ci 
decreases,  advancing  the  conduction 
angle  of  tubes  3  and  4 ;  this  decreases 
the  impedance  of  the  a-c  winding  of 
the  saturable  reactor  and  thereby 
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These  are  LIHELFUSE  FACTORS - 
not  "equivalents."  It  is  the  LITTELFUSE 
Twisted  Element  that  protects  against 
severe  vibration — the  LITTELFUSE 
Locked  Cap  Assembly  that  holds  caps 
firmly  under  all  conditions  —  the 
LITTELFUSE 
Gooseneck  that 
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traction  and  ex¬ 
pansion. 

Mechanical  Strength,  Fatigue  Resist¬ 
ance,  and  Long  Vibration  Life  are 
LITTELFUSE  qualities  accounted  for  by 
its  scientific  structure.  It  will  pay  you 
to  familiarize  yourself  on  the  details  of 
difference  among  fuses.  Send  for  the 
complete  LIttelfuse 
Catalog,  listing 
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•  SENSATION  ALU  That'a  tha  word  tor 
tha  naw  Cartar  Multi-Output  Dynamotor. 
Sinca  ita  introduction  a  yaor  ago,  Polica 
Daportmanta,  GoTarnmant  Aganciaa,  and 
manuiacturara  oi  Tank  Radio  Equipmant 
haTa  iound  it  haa  no  aqual  tor  amall 
aixa,  high  oiiiciancy,  and  axtra  light 
waight.  It'a  tha  coming  thing  tor  all 
Tranamittar  and  Racairar  inatallotiona 


•  Writa  today  lor  doacripti^a  litaratura 
on  Cartar  Dynamotora — D.C.  to  A.C.  Con- 
Tartara — Magmotora — Haary  Duty  Panna- 
nant  Magnet  Hand  Ganaratora — Spacial 
Motora — High  Fraquancy  Coneartara — Extra 
Small  A.C.  Ganaratora — Parmonant  Magnat 
Dynamotora  and  Ganaratora. 
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advances  the  firing  an)fle  of  the  I 
tubes  5A  and  GA  so  that  the  normal  ! 
current  is  applied  to  the  dummy  load 
in  spite  of  the  reduction  in  power- 
supply  voltage.  i 

An  increase  in  power-supply  volt-  I 
age  produces  the  opposite  effect  on 
the  saturable  reactor  and  retards  the 
firing  angle  of  tubes  5A  and  6A.  As 
|)ower  supply  voltage  fluctuations 
tK'cur,  the  firing  angle  adjustment 
of  the  welding  control  power  tubes 
is  advanced  and  retarded  automat-  j 
ically  to  insure  that  the  correct 
phase-controller  power-supply  volt¬ 
age  will  be  applied  to  the  primary 
of  the  welding  transformer.  The 
voltage  regulating  compensator  thus 
also  responds  to  reduction  in  power- 
supply  voltage  caused  by  the  welder 
with  which  it  is  directly  as.sociated. 

A  current  regulating  compensator 
operates  as  the  name  implies.  It  reg¬ 
ulates  the  primary  current  of  the 
welding  transformer.  The  basic  con¬ 
trol  element  is  a  tungsten  filament 
tube  excited  from  a  current  trans¬ 
former  connected  in  the  line.  This 
control  is  designed  to  maintain  a  con¬ 
stant  value  of  welding  current  and 
the  actual  value  that  goes  to  the 
welding  transformer  is  determined 


KINE-THEODOLITK 

OPERATORS 


. .  fight  to  Victory  with 


if  Turret  control  is  one  job  that  calls  for  flawless  perfection.  Gun¬ 
nery  . . .  grim  post  of  the  battle  airways  and  armored  land  engage¬ 
ments  . . .  depends  upon  Electrical  Controls  by  Guardian  for  quick, 
precise  response  from  turret  motors  and  gear  series  at  every  turn. 


P.  S. — Planning  a  new  post-war  product?  We  hove  the  control  you  need! 


GUARDIAN  VWELECTRIC 


A  kine-theodolite  it  a  combination  oi  cam¬ 
era  and  theodolite  that  photographs  a  tar¬ 
get  or  a  shell  burst  and  the  angle  oi  the 
target  to  the  shell  burst  at  that  instant. 
The  instriunents  are  erected  at  each  end 
oi  a  long  base  and  the  shutters  oi  the 
camera  are  operated  electrically  irom  a 
center  control  post  or  the  gun  post.  The 
Auxiliory  Territorial  Service  now  employ 
girls  to  test  and  check  the  accuracy  oi 
gun  lire 
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Again  .  .  .  it's  Relays  for  aiming,  fusing,  releasing  bombs  .  •  • 
Relays  for  navigation,  floodlights,  landing  gears.  Yes,  battles  in 
the  air,  on  land  and  sea,  are  first  thought-out  and  fought-out  ex¬ 
haustively  in  Guardian's  plants  where  samples  of  approved  con¬ 
trols  await  your  action. 


*  GUN  SWnCH  HANDLES 


*  REMOTE  FIRING  EQUIPMENT 


*  TURRET  CONTROLS 


*  RADIO  CONTROLS 


*  NAVIGATION  CONTROLS 


*  aircraft  controls 


*  ROMR  RELEASES 


*  SOLENOID  CONTACTORS* 
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AMPERITE 


BATTERY  CURRENT  &  VOLTRCE 

REGULATORS 


Features: —  ^ 

1.  Amperites  cut  battery 
voltage  fluctuation  from 
approx.  50%  to  2%. ;  j 

2.  Hermetically  sealed  | —  I 
not  affected  by  altitulde,  I 
ambient  temperature,  1 
or  humidity. 

3.  Compact,  light,  and 
inexpensive. 

Now  used  by  U.  S.  Army, 

Navy,  and  Air  Corps. 

Send  us  your  problem. 
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Rogan  "deep  relief"  Branding  on  plastic  parts  has  been  "Tested  and  found 
to  comply  as  an  'or  equal'  to  engraving  now  called  for  In  specificatlo.ns"  by  the 
U.  S.  Signal  Corps.  The  Rogan  process  saves  on  mold  costs — permits  the  use  of 
blank  stock  parts  to  be  branded  as  desired.  Saves  time  .  .  .  Speeds  production 
.  .  .  Reduces  Inventory. 

Regardless  of  quantity,  size  or  shape,  your  plastic  parts  can  be  successfully 
branded  by  Rogan.  QUICK  DELIVERIES. 

Write  for  Descriptive  Bulletin  today  I 

tOGAN  BROTHERS  Chicago,  Illinois 

EASTERN  PLANT:  154  Lawrane*  St..  Brooklyn,  N.  Y. 
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NEW  PRODUCTS 


Month  after  month,  manufacturers  de¬ 
velop  new  materials,  new  components, 
new  measuring  equipment;  issue  new 
technical  huUetins,  new  catalogs.  Each 
month  descriptions  of  these  new  items 
will  he  found  here 


Transient  Analyzer 

Type  TA-2  transient  analyzer  is  for 
accurate  and  instantaneous  investiga¬ 
tion  of  transient  phenomena  of  very 
short  time  duration  (2/10  second  or 
less).  The  entire  transient  from  be¬ 
ginning  to  end  is  automatically  re¬ 
corded  on  a  short  endless  loop  of  steel 
tape  by  means  of  a  new  method  of  mag¬ 
netic  recording  which  gives  uniform  re¬ 
sponse,  with  no  phase  distortion,  over 
a  frequency  range  of  from  0  to  300 
cps.  Upon  completion  of  the  recording, 
a  facsimile  of  the  transient  is  immedi¬ 
ately  reproduced  as  a  steadily  and 
rapidly  repeating  pattern  on  the  screen 
of  a  cathode-ray  oscillograph  (not  fur¬ 
nished  with  analyzer).  The  pattern 
may  be  repeated  as  many  times  as  is 
desired,  and  then  may  be  completely 
obliterated  from  the  tape  and  replaced 
with  a  new  record,  or  the  tape  loop 
may  be  removed  and  stored  for  future 
reference.  No  record  processing  is  re¬ 
quired. 

The  analyzer  comprises  two  units,  a 
modulator-amplifier  unit  and  a  recorder 
unit.  It  is  designed  on  the  carrier  fre¬ 
quency  principle  to  insure  uniform  re¬ 
sponse  for  all  frequencies  within  the 
range  of  the  instrument.  With  ap¬ 
propriate  direct  electrical  coupling  or 
electro-mechanical  pickup,  the  instru¬ 
ment  may  be  used  to  analyze  transients 
and  surges  in  electrical  circuits  of 
transmission  lines,  welding,  motor,  re¬ 
lay  and  timer  circuits. 

The  Brush  Development  Co.,  3311 
Perkins  .4ve.,  Cleveland,  Ohio. 


is  also  made  for  using  any  other  value 
of  resistance  desired  by  switching  to 
external  standard  and  connecting  the 
new  standard  value  to  the  correspond¬ 
ing  terminals.  Component  resistors  are 


liol  .  •  •  where  elljcienl 
newer  is  important  .  .  • 

WINCO  dynamotorsi 

DYNAMOTORS  are  bmll 
/pes  of  service  .  •  •  1°*  ®P 
temperatures  ranging  tron 
,  +65  Centigrade. 


accurate  to  one-tenth  of  one  percent  and 
the  indicating  meter  is  a  4J-inCh  gal¬ 
vanometer  having  a  sensitivity  of 
25-0-25  microamps. 

The  instrument  is  battery  operated 
and  completely  self-contained  and  comes 
in  carrying  case.  Bulletin  No.  126  more 
thoroughly  describes  the  unit. 

Radio  City  Products  Co.,  Inc.,  127 
We.st  26th  Street,  New  York,  N.  Y. 


minimum  A.C.RIPP1^  I 

LOW  VOLTAGE  REGULATION  1 

ity  features  m  WlNt.u 

motors. 

WINCO  DYNAMOTORS  ore  reg- 
utotlY  avoUabl.  to 
puts  and  sizes  .  .  .  special  W1 
DYNAMOTORS  can  be  designed 
to  meet  your  exact  need.  com¬ 
plete  free  Advisory  Engineering 
Service  to  your,  without  oblUjahon 


Automatic  Electrical  Timer 

Electronic  Limit  Bridse 

A  SIMPLE  ELECTRIC Ai.  timing  device  for 
Highly  accurate  resistance  measure-  use  in  industrial  plants  has  an  auto- 
ments  can  be  made  speedily  with  Model  matic  switch  which  is  arranged  to  close 
No.  670  electronic  limit  bridge.  A  direct  an  electrical  circuit  after  the  expiration 
reading  is  given  of  the  percent  devia-  of  a  pre-determined  time.  It  can  also 
tion,  in  either  plus  oi’  minus  direction,  be  adapted  for  opening  a  circuit  by 
of  resistance  values  compared  to  any  simply  reversing  the  position  of  the 
predetermined  standard.  The  dial  is  mercury  switch  element.  When  used 
calibrated  from  zero  center  to  ten  per-  on  a-c  circuits,  it  has  a  capacity  of 
cent  deviation  on  either  side.  With  each  1200  watts,  sufficient  to  control  a  1  h-p 
main  division  on  the  dial  indicating  one-  motor  of  the  repulsion  induction  type, 
half  of  one  percent,  fractional  divisions  The  setting  operation  requires  the  turn¬ 
showing  deviations  of  one-tenth  of  one  ing  of  a  knob  to  the  time  (a.m.  or  p.m. 
percent  can  be  read  quickly  and  easily,  — up  to  twenty-three  hours  in  advance) 
and  approvals  or  rejections  promptly  that  the  switch  is  to  operate.  A  series 
determined.  connector  with  five  feet  of  heavy-duty 

Comparison  is  made  against  a  pre-  cord  is  supplied  to  simplify  connections 
determined  internal  standard  of  any  to  plug-in  types  of  electrical  equipment, 
arbitrary  value  selected.  While  this  is  Philco  Corp.,  Tioga  and  C  Streets, 
supplied  as  part  of  the  bridge,  provision  Philadelphia,  Pa. 


consult  us? 


The  Dynamotor  designed  to 
insure  maximum  efficiency  at  cdl 
operating  altitudes  and  temper¬ 
atures. 


ELECTRONICS — September  1942 


123 


H-B  ELECTRIC  CO.,  Inc 

Monufacturers  of  <M>  Electrical  Devicei 

2500  NO.  BROAD  ST.,  PHILADELPHIA,  PA. 


PLASTICS 


VINYLITE  -  CELLULOID  -  ACETATE 


FABRICATED  PARTS 
Printed  .-  Laminated 


nnffiTD] 


INJECTION  MOLDING 


PRECISION 
TUBE  CO. 


Sp«cra//(fs  in  acturatmly  drawn  tvbing 
of  0vry  datcription 

3824-26-28  TERRACE  STREET 
PHILADELPHIA.  PA. 

Branches  in  all  Principal  Cities 


THE  EMELOID  CO.,  INC. 

I'lastir  rubricators  Since  1919 

ARLINGTON,  N.  J. 


Plastic  Nameplates 

Plastics  nameplatgs  for  instrunieuti>, 
etc.,  are  being  made  in  Vinylite,  and 
injection  molded  cellulose  acetate.  The 
Vinylite  nameplates  are  made  by  the 
laminated  method,  which  means  that 
there  is  a  sheet  of  transparent  protected 
material  composited  to  the  top  of  the 
name  plate,  thus  preventing  erasure 
and  permitting  easy  washing  or  clean¬ 
ing.  The  nameplates  can  be  cold 
stamped  with  steel  tools  to  indicate 
num^rs.  The  injection  molded  name¬ 
plates  of  cellulose  acetate  are  available 
in  either  opaque  with  lettering  filled  in, 
or  die-stamped.  They  can  be  made  of 
transparent  material  with  the  lettering 
stamped  or  engraved  on  the  underneath 
side  and  with  a  background  color.  Both 
types  of  nameplates  come  in  various 
shapes  such  as  round,  oblong,  hexagon, 
etc. 

The  Emeloid  Inc.,  287  Laurel  Ave., 
Arlington,  N.  J. 


MERCURY  TO  MERCURY  BREAK 
MAINTENANCE  FREE— DUST  PROOF 


If  your  design  problem  can  be  sim¬ 
plified  and  the  finished  product 
improved  by  the  use  of 


This  accurate  unit  has 
been  tested  to  10  mil¬ 
lion  operations  without 
a  failure.  Available  up 
to  30  amps,  or  one 
horse  power  rating.  It 
will  operate  within  45 
degrees  of  verticol. 
Bulletin  B  gives  full  de¬ 
tails;  write  for  it  today. 


Timing  Device 

The  “Tandem  Timer”  is  a  timing  de¬ 
vice  for  use  in  production  departments, 
laboratories,  and  for  life  testing  of 
electrical  apparatus.  It  permits  prac¬ 
tically  any  timing  sequence.  The  in¬ 
strument  is  essentially  a  control  unit 
(Type  CU-2  control  unit  is  illustrated) 
with  two  individual  variable  plug-in 
type  timing  elements.  With  the  timing 
elements  adjusted  to  their  correct  re¬ 
spective  time  intervals,  each  cycle  of 
operation  will  follow  the  other  continu¬ 
ously  in  regular  sequence.  When  the 
timer  dials  are  once  set  at  the  time  in¬ 
terval  desired,  further  adjustments  are 
unnecessary  until  a  new  sequence  is  re¬ 
quired.  The  automatic  reset  features 
of  the  unit  makes  a  continuous,  as  well 
as  a  single  cycle  of  operation  possible. 
Plugging  in  of  different  timing  elements 
is  accomplished  in  a  matter  of  seconds. 


here  is  data  that  will  speed  your 
work  ...  A  complete  but  condensed 
bulletin  with  the  facts  and  figures 
that  will  assure  accuracy  of  esti¬ 
mates  and  calculations  .  .  .  The 
mechanical,  physical  and  electrical 
characteristics  of  this  Static-proof, 
Moisture-proof  wire  armored  with 
Seamless  Copper  or  Aluminum 
Tubing  are  correctly  tabulated  for 
ready  reference. 

Upon  request  Bulletin  E  will  be 
sent  you  by  return  mail  together 
with  testing  samples  of  Precision 
Metal  Shielded  Wire  in  several 
forms.  Write  us  today. 


DIALS,  SCALES. 
WINDOWS.  KNOBS 
AND  SPECIAL  PARTS  for 
RADIOS,  INSTRUMENTS, 


Six  standard  models  of  timing  ele¬ 
ments  are  available.  These  are  types 
TE-14S  with  a  minimum  setting  of 
from  I  second  to  14  seconds;  TE-55S, 
1  second  to  55  seconds;  TE-5M30S,  5 
seconds  to  5  minutes,  30  seconds;  TE- 
14M,  15  seconds  to  14  minutes;  TE-55M, 
1  minute  to  55  seconds;  and  TE-2H45M 
with  a  minimum  setting  of  5  minutes 
to  a  maximum  setting  of  2  hours,  45 
minutes.  Longer  time  cycles  are  built 
to  specifications.  The  timing  elements 
are  synchronous  motor  driven,  auto¬ 
matic  resetting  timers. 

Industrial  Timer  Corp.,  113  Edison 
Place,  Newark,  N.  J. 


COMMUNICATIONS  and 
ELECTRICAL  EQUIPMENT 


PRINTING,  DIE  STAMPING. 
FORMING,  MOLDING.  ETC. 


tld$  cheerfully  submitted 
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accurate  readings.  l’-14  eml>odies  a 
variety  of  single,  and  multi-ranges  pro¬ 
viding  for  the  measurement  of  a-c 
volts,  amps  and  milliamps:  d-c  volts, 
amps,  milliamps,  and  micro-amps. 
Ranges  and  combinations  of  ranges 
have  been  chosen  to  meet  the  needs  of 
test  men,  laboratory  technicians  and 
lesearch  engineers.  Combinations  of 
four  current  and  three  voltage  ranges 
are  available.  The  moldetl  cases  are 
fully  insulated  and  magnetically  shield¬ 
ed  from  stray  Held  influence. 

VVestinghouse  Klee.  &  Mfg.  Co.,  Kast 
ritti-burgh.  Pa. 


BUD  RADIO,  INC.  ^  ^tcvdcuicC, 


Cl* 


Heavy  Duly  Rlie<»$«tutK 


New  50-watt  »‘ower  rheostats  are 
available,  in  any  resistance  value  up  to 
and  including  10,000  ohms,  for  extra 
heavy  duty.  The  design  of  the  new 
rheostats  is  similar  to  the  manufactur¬ 
er’s  25-watt  rheostats  introduced  two 
years  ago.  The  .selected  resistance  wire 
is  wound  on  an  insulated  metal  core 
which  distributes  the  heat  at  interme¬ 
diate  rotational  .settings.  The  resi.st- 
ance  element  is  finnly  imbedded  in  a 
ceramic  housing  with  an  inorganic  ce¬ 
ment,  resulting  in  a  solid  thermal  mass. 
A  graphited-copper  contact  shw  rides 
the  collector  ring  and  the  winding,  a.s- 
suring  two  positive  sliding  contacts. 
Contact  i)ressure  is  provided  by  a 
helical  spring,  concentrically  mounted 
about  shaft  whose  action  is  evenly  dis¬ 
tributed  by  use  of  a  tripod-type  con¬ 
tact  carrier.  The  contact  is  insulated 
from  the  metal  shaft  by  a  center  cera¬ 
mic  insulator,  providing  a  “dead” 
'haft  and  mounting  bushing. 

Clarostat  .Mfg.  Co.,  Inc.,  2s5  .North 
•Ith  Street,  Brooklyn.  N.  Y. 


S&wut^  tAc  OH  <uU 

♦  North,  East,  South  and  part  in  coordinating  the 
West ...  wherever  America’s  various  combat  units.  And 
fighting  forces  are  in  action  there  you  will  find  BUD 
...you  will  find  radio  com-  products  on  the  firing  line 
munication  playing  a  vital  . . .  faithfully  doing  their  job. 


GL 


BUD 


IM? 


E  stands  ior 
Abbott 
EXPERIENCE 
and  F  stands  ior 
Abbott 
FACILITIES 
(rocently  en¬ 
larged).  The 
,  sum  equals 
ADVANTAGE 
to  organizations 
needing 
Transmitter- 
Receiver 
equipment.  We 
know  your 
problems  and 
can  help  you  on 
"special" 
production. 


INQUIRY  ENTAILS 
NO  OBLIGATION 


8  WEST  18  STREETsNEW  YORK,  N.  Y 


ILLUSTRATED 
TR-4,  2\'i  meter  ultra 
high  frequency  Trans¬ 
mitter-Receiver.  doing 
its  bit  in  the  Armed 
Forces  oi  the  United 
States 


Portable  A-C  and  D-C  j 

Instruments  | 

Where  an  inexpensive  unit  is  required  j 
for  general  fleld  service  use,  new  (type  I 
P-14)  portable  a-c  and  d-c  instruments  j 
are  available  either  with  or  w’ithout  I 
covers.  Accuracy,  sturdiness  and  relia¬ 
bility  are  the  features  of  these  units. 
The  scale  length  is  3.2  inches  a.c.,  and 
2.8  inches  d.c.  The  instruments  have  an 
accuracy  of  plus  or  minus  1  percent  of 
full  scale.  .A  mirrored  dial  and  a  knife- 
edge  pointer  aid  in  making  close  and 


are 


r  1 


TIMt 

If  totalizer 


REMLER 

Plugs 


Manufacturers  of  Communication  Equipment 
SINCE  1918 


Rheostats 

Several  new  types  of  rugged  rheo¬ 
stats  for  the  armed  forces  are  available 
in  wattage  sizes  of  6,  11  and  20  watt 
ratings,  in  resistance  ranges  from  1  to 
200,000  ohms.  Panel  and  table  mooint- 
ing  may  be  accomplished  with  ease  since 
tapped  inserts  moulded  into  the  bake- 
lite  frame  make  it  unnecessary  to  reach 
inside  the  unit  for  mounting  necessary 
nuts.  The  rheostats  are  fully  protected 
against  all  elements  of  corrosion,  and 
have  a  maximum  number  of  steps  per 
degree  of  resistance  winding.  The  con¬ 
tact  wiper  adjustment  is  designed  to 
assure  constant  uniform  pressure 
against  winding  without  noisy  circuit 
conditions.  The  manufacturer  states 
that  in  life  cycle  tests  results  in¬ 
dicated  a  minimum  of  one  million  rota¬ 
tions  in  all  sizes. 

The  rheostats  can  be  used  in  any 
type  of  electrical  circuit  requiring  rheo¬ 
stat  or  potentiometer,  or  in  vacuum 
tube  circuits.  Special  lengths  of  shafts, 
slotted,  insulated  or  metal,  can  be  fur¬ 
nished.  A  bulletin  is  available  which 
describes  types  270,  270D,  275,  265T, 
260  and  276.  (Types  260  and  275  were 
described  in  Electronics  last  month 
and  type  270  rheostat  is  similar  to  the 
260  and  275  units  except  that  it  has  a 
power  rating  of  20  watts.) 

DeJur-Amsco  Corp.,  Shelton,  Conn. 


Automatic  Precision  Timers  for 
War-time  Speed  and  Accuracy 

The  application  of  Industrial  Electrical  Timers  to  speed-up  production, 
^decrease  operating  costs,  eliminate  waste  and  safeguard  life  is  the  accepted 
method  of  modern  science,  business  and  industry.  Precision  time  instru¬ 
ments  of  the  INDUSTRIAL  TIMER  CORPORATION  are  built  to  meet 
the  most  exacting  requirements  of  war-time  production.  Right  now  they 
are  in  use  in  some  of  the  nation’s  largest  plants.  Write  today  for  complete 
descriptive  bulletins. 

N*w  Tandem  Timer  (ehown  above)  for  laboratory,  production  and  life  testins. 


Time  Delay 


Automatic  Reset  Timer 


Time  Totalizer 


Limit  Switch  for  Aircraft 

The  G-E  switchette  is  the  contact 
mechanism  used  in  a  new  lightweight 
limit  switch  for  aircraft  applications. 
Snap  action  and  double-break  operation 
give  the  switch  a  high  current  rating. 
The  plunger  operates  with  a  3^2  inch 
overtravel.  The  aluminum  housing  is 
made  dustproof  by  the  use  of  a  gasketed 
cover  and  there  is  ample  space  inside 
the  housing  for  easy  wiring.  The  switch 


ARMY 

SIGNAL  CORPS 
SPECIFICATIONS 


•  Also  PL— PLP— PLQ 

and  PLS  Plugs 

•  M  Type  Connectors 

•  M  Type  Cops 

•  FT  Type  Fittings 

Quantity  Prices  Quoted 
on  receipt  of  Delivery 
Schedules 


is  available  in  three  contact  arrange¬ 
ments:  single-circuit,  normally  open  or 
normally  closed ;  and  single-pole,  double¬ 
throw.  Each  form  can  be  furnished 
with  a  contact  air  gap  of  0.010,  0.020, 
or  0.030  inch.  The  switch  weighs  0.13 
lb  and  meets  all  U.  S.  Army  Air  Force 
stipulations. 

General  Electric  Co.,  Schenectady, 
N.  Y. 
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HOWARD  B.  JONES 

•  ‘2300  WABANSIA  AVENUE. 
CHICAGO  ILLINOIS 


Electronic  Voltage  Regulator 

The  DT-5  electronic  voltage  regulator 
is  a  sensitive  electronic  device  which 
regulates  the  output  voltage  of  a-c  and 
d-c  generators,  providing  the  output 
voltage  is  more  than  46  volts.  The  unit 
operates  frem  a  thfee  phase  a-c  power 
supply  and  acts  as  a  grid-controlled 
rectifier  to  supply  the  d-c  field  current 
to  the  generator,  or  the  exciter  of  the 
generator,  being  regulated.  Sensitivity 


BROTHER 
THIS  IS  lA/i 


A  Precision  Crystal 

Secondary 

FREQUENCY  STANDARD 

THAT  HAS  BEEN 

"Designed  for  Application" 

A  prerlsion  frequency  standard  rapable  nf  bcina 
adjustpri  to  WWV  or  annie  other  primary  standard 
an>l  putting  out  uniformiy  accurate  raiibrating  sig¬ 
nals  with  10.  2.^.  lOti.  1000  KC  intenals.  Uses  the 
new  OKXKIIAL  KI.KCTUir  No.  ISA  1000  KC 
ciystal  haring  a  fretiuency  temiterature  coefllcient  of 
les-s  than  one  cycie  /.Mc/C®.  The  crystal  l.s  sealed  in 
Helium  In  a  standard  metal  tube  envelope. 

The  self-contained  AC  power  supply  has  VUl.'iO-Hn 
voltage  regulator  tube. 

In  addition  to  oscillator,  multivibrators,  and  har¬ 
monic  amplifier,  a  built-in  mixer  with  phone  Jack 
and  gain  control  on  t>anel  is  incorporateit. 


Wartime 

is  no  time  to  gfimhle 
...even  on  tracing 
cloth  quality 

On  any  job  it’s  bad  to  be  asking, 
“Is  that  a  .3  or  an  8?”  On  a  war  job 
it’s  inexcusable.  Tbe  men  wlio  work 
with  your  blueprints  are  not  “mind 
reatlers”.  Use  .-Vrkwriglit  for  voiir 
transfers  —  get  clear,  sharp  prints 
every  time  -  on  tracing  cloth  that 
will  last  for  years!  This  strong,  uni¬ 
form,  superbly  woven  tracing  cloth 
is  built  for  today's  speedv  produc¬ 
tion.  Run  it  through  the  machine 
time  after  time  — no  curling,  frav- 
ing,  tearing!  Next  time,  specifv 
Arkwright  !  Arkw  right  Finishing 
(’.onipany.  Providence,  R.  I. 


i.s  ±  J  percent  when  a-c  supply  voltage 
does  not  vary  more  than  ±.  5  percent 
from  nominal  rating.  The  regulator  is 
built  on  a  Micarta  panel  one  inch  thick 
and  is  designed  for  master  panel  mount¬ 
ing.  No  enclosing  cabinet  is  provided 
but  the  tubes  are  protected  by  a  screen 
cover.  Outstanding  features  of  the 
regulator  are  low  maintenance,  relia¬ 
bility  of  operation  and  a  high  degree  of 
regularity.  An  anti-hunt  circuit  is 
built  into  the  regulator.  This  circuit 
prevents  the  regulator  from  overshoot¬ 
ing  when  close  regulation  is  required. 

Westinghouse  Elec.  &  Mfg.  Co.,  East 
Pittsburgh,  Pa. 


JONES  500  SERIES 
PLUGS  and  SOCKETS 


Fillerettes 


Illustrated  below  is  type  llOT-TDE 
filterette  w’hich  is  a  compact  5.5  amp, 
30  volt  unit  covering  a  frequency  range 
of  0.5  to  .30.0  me.  It  is  houseil  in  a  steel 
case  and  is  provided  with  standard  3 
inch  conduit  fittings.  The  unit  is  con- 


5000  volts  and  25  amperes.  Fulfills  every 


strucled  to  satisfy  the  mechanical  and 
electrical  requirements  of  aircraft  gen¬ 
erator  service. 

Tobe  Deutschmann  Corp.,  Canton, 
Mass. 


KLECTROMCS 
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Small  Electric  Motor 

A  NEW  TYPE  (MODEL  LD3R)  electric 
motor  for  aircraft  is  illustrated.  It  is 
wound  for  1/13  hp  at  8500  rpm  and  is 
available  for  either  12  volts  or  24  volts. 
Its  application  is  for  aerial  antennae 
reel.  Specihoations  are:  Diameter  of 


FOR  RADIO  •  COMMUNICATION 
ELECTRICAL  •  AIRCRAFT 
AND 

ELECTRICAL  INSTRUMENTS  AND 
EQUIPMENT 


Machine  Engraving 

Seal*  and  othar  markings  mada  In  plastics, 
staal,  brass,  alumnium  and  othar  matals. 

Milling 

Light  vartical  milling. 

Etching 

On  brass,  staal,  or  coppar.  Our  atching 
dapartmant,  in  oparation  by  us  ovar  30 
yaars,  is  capabla  of  ramarkably  accurata, 
unusual  rasults.  In  many  casas,  from  spa- 
daily  mada  nagativas,  can  raplaca  quantity 
macnina  angraving  on  flat  surfacas  of 
dials,  scalas,  ate.  Dalicataly  contourad 
piacas  may  ba  atchad  complataly  through 
thin  (.004  to  .015)  matal,  to  produca  piacas 
not  possibla  by  stamping  or  othar  mathods. 

Nomep/ates,  Panefs.  Labels,  etc. 
In  matals  and  plastics. 
lHQu(rlet  prumpflu  amirirri/. 

A  A  small  shop  wifh  skilled  personnel. 


Waierproot 
Spnihptie  insulation 


housing  is  2.306  ins;  overall  length,  not 
including  the  shaft  extension,  is  215 
ins;  it  weighs  1  lb  and  3  oz;  the  shaft 
diameter  is  0.250  ins;  the  shaft  exten¬ 
sion  is  0.766  ins.  The  motor  is  equipped 
with  ball  bearings  and  is  reversible 
(3  leads). 

Signal  Electric  Mfg.  Co.,  Menominee, 
Mich. 


Solve  your  wartime  insulation 
problems  with  INSL-X,  the  im¬ 
proved  waterproof  synthetic 
insulation.  Today,  when  every 
penny,  every  minute,  every 
ounce  of  vital  rubber  counts  — 
it’s  time  to  turn  to  INSL<-X  for 
extra  economy,  new  ease  of  ap¬ 
plication,  improved  all-around 
insulation  efficiency.  Easy  to 
apply  by  brush,  dip,  or  spray  — 
INSL-X  gives  initial  dielectric 
strength  of  1500  volts  per  mil. 
which  increases  rapidly  with 
aging. 


Woo(l>jVloi»ftiire  Deleriiiiiiation 


A  SIMPLE,  MODERATE  cost  instrument 
(designated  as  Model  MB-L  Megohm- 
Bridge)  supplies  direct  readings  in 
moisture-content  percentage  terms  fur 
meeting  vaidous  specifications  covering 
precise  condition  of  lumber.  Model 
MB-li  is  a  modified  Wheatstone  bridge 
which  uses  a  cathode-ray  tube  as  the 
null  or  balance  indicator.  The  com¬ 
bination  switch  and  control  knob  is  ro¬ 
tated  until  the  null  indicator  flashes, 
at  which  point  moisture  content  is  read 
directly  on  the  dial.  The  bridge  circuit 
is  self-compensating,  and  therefore 
there  are  no  variables  such  as  voltage 
fluctuations  or  varying  tube  character¬ 
istics  to  contend  with. 

The  standard  pin-type  electrode  fur- 
nishefl  with  the  instrument  will  not 
peiTnanently  mar  the  surface  of  ma¬ 
terial  under  test  as  it  is  readily  driven 
into  and  extracted  from  the  lumber  or 
wood  by  the  hammer-extractor  fur¬ 
nished  with  tlie  instrument.  If  progree- 
sive  checks  on  various  lumber  stacks 
are  to  be  made  throughout  the  curing 
period,  leads  may  be  soldered  to  prop¬ 
erly  placed  and  spaced  nails,  and  tied 
into  a  panel  board  located  near  the  in¬ 
strument  for  periodic  readings. 

Two  models  are  available:  MB-L  A 
calibrated  7  to  25  percent  moisture  in 
wood,  operating  on  105-130  volts,  50-60 
cps,  a-c  supply;  the  other,  a  portable 
Model  Megohm  Bridge  MD-1,  calibrated 
8  to  24  percent  moisture  in  wood,  oper¬ 
ated  on  a  self-contained  small  dry  bat¬ 
tery  with  an  estimated  life  of  frojn  six 
months  to  one  year. 

Industrial  Instruments,  Inc.,  156  ('ul- 
ver  .Ave.,  .lersey  Cit.v,  N.  .1. 


INSL-X  LABORATORY  SERVICE 

INSL-X  engineers  are  equipped  to 
U'ork  with  organizations  of  every  type 
to  solve  every  wartime  insulation 
problem.  Let  us  knoiv  your  insula¬ 
tion  problem.  No  obligation  for  this 
service! 


UHF  and  MICROWAVE 
PRECISION  WAVEMETERS 


Informative 
Booklets  on 
Electrical  Insulation 
Free  — Write  Today! 


•  POHT.ABt.K 

•  HATTEHY  OH  .t.  t'.-OPKH- 

ATEU 

•  .U't'i  n.U'Y 

Models  avoilable:  100-4000  Mega¬ 
cycles  with  2  to  1  frequency  coverage 
on  each  Model.  Special  models  to 
cover  150-300  Megacycles  now  avail¬ 
able. 

Further  details  on  request. 


Some  Ttrrilories  Still  Availabit  far 
Manufacturers'  Raprtstntatiiras 


MICROWAVE  EQUIPMENT 

*54-661 
Broadway 


Long  Branch, 
New  Jersey 
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Small  Aircraft  Relay 

Type  “k”  d-c  relay  was  desiKneil  for 
aircraft  use,  or  for  use  wherever  min¬ 
imum  weight  and  space  is  a  factor.  It 
measures  li  x  x  ins,  and  weighs 
approximately  1§  ozs.  It  can  be  fur¬ 
nished  in  many  contact  forms  up  to 
and  including  twelve  springs  per  relay. 
The  coil  voltage  range  is  from  1.5  volts 
to  60  volts  d.c.  Contacts  of  either  18 


IN  THE 


gauge  silver,  rated  1  amp,  50  watts;  or 
18  gauge  palladium,  rated  2  amps,  100 
watts,  can  be  furnished.  All  metal  parts 
of  the  relay  are  specially  plated  to 
withstand  a  200  hour  salt  spray  test, 
and  each  relay  is  given  a  1000  volt  a-c 
insulation  breakdown  te.st. 

C.  P.  Clare  &  Co.,  4719  Sunnyside 
Ave.,  Chicago,  Ill. 


FRUNT  UME 


FLEXIBLE  SHAFTS 


that  carry  power  around  any  corner  is 
our  specialty.  Faithful,  dependable 
power  drives  or  remote  control  in  air¬ 
planes.  tanks,  signal  corps  radio,  and 
many  other  war  and  commercial  prod¬ 
ucts.  Shafts  made  to  your  specifica¬ 
tions.  Our  engineering  department  will 
work  out  your  particular  power  prob¬ 
lem  without  obligation. 

Write  tor  latest  Flexible 

Shafting  data — Manual  D. 


F.  W.  STEWART  MFC.  CORP. 


4311-13  RAVENSWOOD  AVENUE 


CHICAGO,  ILLINOIS 


Self-General  iiifs  l*lioli»eleelrie 
Cells 

Self-generating  photoelectric  cells 
that  generate  sufficient  current  to  oper¬ 
ate  meters  and  relays  without  use  of 
amplifiers  are  available  in  eight  stand- 


mSTANTANEOUS  ACTION 


NO  MOVING  PARTS 


When  •  precision  electrical  device  or  a  critical  process  is  powered  from 
an  AC  line,  a  Raytheon  Voltase  Stabilizer  will  permanently  eliminate 
all  of  the  detrimental  effects  caused  by  AC  line  voltase  fluctuations. 
Made  for  all  commercial  voltages  and  frequencies,  single  or  three  phase. 

Raytheon’s  twelve  years  of  experience  in  successfully  applying  the 
Stabilizer  to  hundreds  of  perplexing  voltage  fluctuation  problems  is  at 
your  service.  It  will  pay  you  to  take  advantage  of  our  engineering  shill. 


ard  sizes  to  suit  different  needs.  Plastic  j 
housings  with  contact  prongs  are  pro-  i 
vided  so  that  the  cell  can  be  easily  con-  | 
nected  to  a  current  meter. 

Emby  Products  Co.,  180(i  West  Pico 
Blvd.,  I.OS  ,\ngeles,  Cal. 


Write  for  Bulletin  DL48-71  JE  describing  Raytheon  Stabilizers. 

RAYTHEON  MANUFACTURING  CO. 

100  Willow  Street,  WALTHAM,  Massachusetts 
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MniroHu^inff 

Endurette*~Fortisan 

insultKiinn  ! 

^  Combining  two  famous  names— -Celanese*  Fortisan — a 
domestic  light  weight  fabric  woven  of  super-strong  Forti¬ 
san*  yarn — Insulation  Coated  Process  by  ENDURETTE. 

^  The  perfect  replacement  for  the  former  Jap  Varnished 
momme  Silks  used  for  electrical  insulation. 

^  This  ALL-AMERI('A\  product  is  much  stronger,  has 
the  same  weight  and  high  dielectric  strength.  Manufactured 
in  full  36"  width  or  in  tape  form. 


Samples  and  quotations  gladly  supplied 

ENDURETTE  CORPORATION  OF 

Manufacturers— Established  1 929 
ELECTRICAL  INSULATION. 

COATED  AND  WATERPROOFED  P.\ODUCTS 

CLIFFWOOD,  NEW  JERSEY.  U.  S.  A. 

Telephone:  Matawan  VO 


AMERICA 


ACOUSTIC  DESIGN  CHARTS 

by  FRANK  MASSA,  B.S..M.Sc. 

In  Charge,  Acoustic  Division,  Brush  Development  Co.,  Cleveland 

A  new  type  of  engineering  handbook  containing  an  easy  to  use  source 
of  quantitative  information  on  the  design  of  electrical,  mechanical  and 
acoustical  apparatus.  Several  thousand  hours  of  laborious  computations 
are  reduced  to  a  system  of  accurately  prepared  charts  giving  the  exact 
quantitative  data. 

It  covtrs  th«  fitidt  of  tiactro-acoustics,  sound  transmission,  sound  proofing,  loud  speaker 
and  horn  design,  electromagnetic  and  permanent  magnet  horn  and  speaker  design,  me¬ 
chanical  vibrations  and  isolation  of  vibrating  machinery,  electric  circuit  and  field  coil 
data,  etc.  It  contains  107  full  page  charts  with  over  750  accurately  plotted  curves. 
About  100  sample  problems  illustrate  the  use  of  each  chart. 

228  S4.00  (19421 

THE  BLAKISTON  COMPANY,  Philadelphia 


T^MANeNT  MAQNfrS 


ALL  SHAPES  —  ALL  SIZES 
FOR  ALL  PURPOSES 

Stamped,  Formed,  and  Cast;  Chrome,  Tung¬ 
sten  Cobalt  and  ALNICO**  (cast  or  sin¬ 
tered)  under  G.  E.  license. 

THOMAS  &  SKINNER 

STEEL  PRODUCTS  COMPANY 

HU  E.  23rd  STREET  INDIANAPOLIS,  INDIANA 

Laminations  for  Radio  Transformors  —  Tools 
Dios  —  Heat  Treating  —  Stampings 

YEARS  EXPERIENCE 


Literature 


Resistance  Welding.  This  brochure  tells 
all  the  facts  about  electronic  con¬ 
trol  for  resistance  welding:  what  it  is, 
what  it  does  and  why  it  speeds  and  im¬ 
proves  production.  A  story  on  various 
kinds  of  resistance  welding,  the  kinds 
and  types  of  electronic  control  devices 
made.  Useful  information  for  those 
considering  the  addition  of  resistance 
welding  equipment.  Westinghouse  Elec¬ 
tric  &  Mfg.  Co.,  East  Pittsburgh,  Pa. 


Beat-Frequency  Oscillator.  In  the  July 
1942  issue  of  the  Experimenter  a  thor¬ 
ough  description  is  given  of  the  type 
913-A  beat-frequency  oscillator.  Its  im¬ 
portant  features  are:  convenience  and 
ease  of  frequency  control,  constant  out¬ 
put  voltage,  a  high  degree  of  stability, 
and  low  distortion.  It  is  well  adapted 
for  running  frequency  characteristics 
(with  a  recorder,  if  desired)  and  also 
for  all  normal  types  of  distortion  meas¬ 
urements.  General  Radio  Co.,  30  State 
St.,  Cambridge  A,  Mass.  Also  included 
in  this  issue  is  an  article  “Recent  Prior¬ 
ity  Orders  of  Interest  to  Buyers  of  GR 
Equipment.” 


Electrical  Capacitors.  Bulletin  1031 
covers  various  types  of  capacitors  for 
use  in  regular  industrial  and  military 
services.  Oil,  wax,  electrolytic  and 
motor  starting  condensers  for  all  ap¬ 
plications  are  described  and  illustrated. 
Industrial  Condenser  Corp.,  1725  W. 
North  .Avenue,  Chicago,  Ill. 


Paper  Capacitors.  Catalog  12 — Section 
C  is  a  forty-eight  page  catalog  devoted 
to  illustration  and  description  of  pape’- 
capacitors.  The  types  and  character¬ 
istics  of  impregnants  are  given,  analy¬ 
sis  of  catalog  numbers  and  the  varia¬ 
tions  available  on  quantity  orders.  Solar 
Mfg.  Corp.,  Bayonne,  N.  J. 


Resistors.  This  twelve  page  bulletin 
presents  information  on  fixed,  adjust¬ 
able,  “rib-on-edge”  and  ferrule  term¬ 
inal  resistors,  power  line  and  r.f.  chokes, 
brackets,  bushings,  terminals  and  wash¬ 
ers.  Also  illustrated  and  described  are 
solder  pots  for  continuous  operation  in 
"adio,  motor  and  similar  electrical 
equipment  plants.  Bulletin  No.  98  ob¬ 
tainable  from  Lectrohm,  Cicero,  Ill. 


I’aper  Tubing.  A  list  of  paper  tubes 
which  gives  sizes  for  coil  form  and 
other  uses.  These  tubes  are  available 
in  square,  round  and  rectangular  shapes. 
The  list  contains  over  650  sizes,  con¬ 
venient  for  experimental  and  produc¬ 
tion  requirements.  Paramount  Paper 
Tube  Co.,  801  Glasgow  Ave.,  Fort 
Wayne,  Ind. 
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DEPENDABLE 

TIMER 

Write 


r.itflinrers  A’  Pro¬ 
curement  Officials 
\  ...  write  for 

^  this  catalog 
nine.' 


AGAIN  EXPANDING 

ESSENTIAL 
SERVICES  TO  THE 

ELECTRONICS  INDUSTRY 

Iniulinc  ii  In  an  excellent  position  to  ..lanufacture 
these  products  and  parts: — 

•  Metal  Cabinets,  Chassis,  Panels 

•  Metal  Stampings  *  Name  Plates, 
Dials  •  Plugs  and  lacks 

•  Completely  assembled  Screw  Ma¬ 
chine  Products 

•  Hardware  and  essentials 


MiiHuluctiiirif  d  Cimlraclort: 
bend  speciftcationt  lor  cilimales. 


*  Micro -  Dimensional 

WIRE  RIBBON 

for 

VACUUM  TUBES 


n  a  complete  range  oi  sizes 


and  alloys  for  Transmitting, 


Receiving,  Battery  and  Hear 


ing-Aid  Tubes 


Suppressors.  This  data  sheet  gives  de-  ^ 
scriptions  and  characteristics  of  sup¬ 
pressors  and  includes  charts  showing 
suppression  efficiency  and  life  tests. 

Erie  Resistor  Corp.,  640  W.  12th  St., 
Erie,  Pa. 

Copper  Fuse  Clips.  This  four  page 
folder  gives  a  description  of  fuse  clips 
and  screw  terminals  made  from  a 
new  alloy  of  beryllium  and  copper. 

The  properties,  design  and  construction 
are  also  given,  along  with  detailed 
drawings  and  specifications.  Littlefuse 
Inc.,  4757  Ravenswood  Ave.,  Chicago, 

Ill. 

!  Durez  Plastics.  An  eight  page  folder 
on  Durez  plastics  which  gives  the  story, 
in  nontechnical  style,  of  the  manufac¬ 
turing  process  from  the  raw  materials 
to  the  finished  products.  Durez  Plas¬ 
tics  &  Chemicals,  Inc.,  North  Tona- 
!  wanda,  N.  Y. 

Electrodes.  In  a  thirty-six  page  book¬ 
let  the  nature  and  properties  of  elec¬ 
trodes  are  discussed.  Tables  of  stand¬ 
ard  sizes  and  weights  of  electrodes  are 
given.  Also  data  which  will  be  helpful  j 
to  electrode  users  in  selecting  the  prod- 
!  uct  best  adapted  to  their  requirements. 

I  International  Graphite  &  Electrode 
,  Corp.,  St.  Marys,  Pa. 

,  House  Organ.  “Transformerless  Power 
j  Supplies”  is  an  article  describing  the 
1  various  transformerless  power  supply 
,  circuits  which  have  been  adapted  to 
'  radio  receivers,  electrical  test  instru¬ 
ments,  photoelectric  and  electronic- 
equipment  and  small  radio  transmitters. 
This  is  published  in  two  parts— Part  1  ! 

]  in  February  1942  and  Part  II  in  March  ] 
j  1942  Research  Worker.  Copies  obtain-  j 
I  able  by  writing  to  .4erovox  Corp.,  New  | 

'  Bedford,  Mass.  .41so,  an  article  | 

I  “Transmitter  Bias  Supplies”  in  the  j 
j  April  1942  Research  irorA.-pr  tells  the  | 
details  for  the  proper  operation  of  tie 
audio  -  frequency  and  radio  -  frequency  | 
stages  of  a  transmitter.  j 


MIRKOFHOINE 


lYlelted  and  worked  under 
close  supervision  to  assure 
maximum  uniformity  and 
tensile  strength  .  .  . 


//YOU 

a  re 

Seeking 


MULTI-CONTACT  TIMERS 


Type  MC  2-60S 

Illuslrattd  nhore 


Designed  to  automatically  control  a  se¬ 
quence  of  "on"  and  "off"  operations  of  a 
single  or  a  multiple  number  of  electrical 
circuits  in  accordance  with  a  predetermined 
operating  program. 


Adaptable  to  a  wide  variety  o(  applications 


Available  with  dust  and  moisture  proof  housinps. 
Made  by  an  organization  specializing  in  a  Quai- 
ity  Product  of  Accuracy — Long  Life  and  Free¬ 
dom  from  Trouble. 


LATEST  IN  TIME  DELAY  RELAYS 
designed  for 

ELECTRONIC  CIRCUITS 

in  which  are  incorporated 
RELIABILITY  -  APPEARANCE 
COMPACTNESS 

Write  us  as  to  your  needs  and  problem 
We  specialize  on  Timing  Devices. 


SPECIALIZE 

ON 

TIMING 

DEVICES 

Write 


*  WIRES  drawn  to  .0005"  diam. 

*  RIBBON  rolled  to  .0001"  thick 


SPECIAL  ALLOYS  made  to  meet 

individual  specifications  . . . 


A  new  Western  Electric  magnetic  record¬ 
ing  device  is  now  being  used  by  many  as 
an  aid  to  speech  improvement.  The  sub¬ 
ject's  speech  is  recorded  magnetically  on 
a  steel  tape.  By  turning  the  switch  im¬ 
mediate  playback  is  possible,  which  en¬ 
ables  the  detection  and  correction  of  errors 
oi  pronounciation,  emphasis,  or  tone.  As 
it  records,  the  mirrophone  automatically 
erases  or  demagnetizes  previous  recordings 


Write  for  list  oi  stock  alloys 

SIGMUND  COHN 

44  GOLD  ST.  NEW  YORK 

•iiNCE  1901 


W  CRAMER  COMPANyL 


CONNECTICUT 


CENTERBROOK 
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AVIATION  CORPORATION 

66  06  Von  Wyck  Boulevard.  lumoico.  LI  NY 


Keferenre  Guide  tu  UltrahiKh  Fre¬ 
quencies.  Here  is  a  pocket  size  64-page 
booklet  which  will  prove  its  value 
many  times  over  to  those  engineers  and 
scientists  who  may  now  be  engaged  in 
the  design,  testing,  or  production  of 
equipment  in  the  ultrahigh  frequency 
spectrum.  A  very  considerable  amount 
of  material  has  already  been  published 
on  different  aspects  of  ultrahigh  fre- 
(luency  technique,  but  most  of  it  is  so 
scattered  throughout  the  technical 
literature  that  it  is  not  readily  avail¬ 
able  to  engineers  in  convenient  form. 
This  is  a  decided  handicap  at  the  pi’es- 
ent  time  when  the  need  for  personal 
efficiency  of  all  technical  personnel  is 
of  paramount  importance. 

In  compiling  this  bibliography  on 
ultrahigh  frequency  technique.  Miss 
E.  Kelsey,  Engineering  Coordinator  of 
the  Zenith  Radio  Corporation,  has 
made  a  valuable  contribution.  The 
booklet  contains  a  brief  introduction  to 
ultrahigh  frequency  technique,  fol¬ 
lowed  by  a  list  of  books  which  is  up 
to  date  as  of  early  summer. 

The  bibliography  proper  is  divided 
into  two  sections,  the  first  of  which  lists 
those  articles  on  u-h-f  which  have  ap¬ 
peared  in  past  issues  of  the  Proceed¬ 
ings  of  the  Institute  of  Radio  Engi¬ 
neers.  This  division  of  the  pamphlet 
is  divided  into  the  following  sections: 

1.  Antennas,  Transmission  Lines, 
and  Wave  Guides 

2.  Wave  Propagation 

:i.  Generators 

4.  Receivers 

.6.  Measurements 

G.  U-H-F  in  Aviation 

7.  Miscellaneous  .Articles  on  U-H-F 

8.  U-H-F  Tubes  and  .Associated  phe- 
•loniena 

Cry.-tals  and  .A.ssociated  Phe- 
II  .nena. 


The  COLOR  of  the 
Handle  Signals 
Nut  Driver  SIZE 


Handy 

Lockable 

Tool 

Holder 


e  Each  sii«  of  nut  drivar  in  th« 
XcaLita  DE  LUX  Sat  (N«.  27)  hat  a 
diffarent  colorad  handla.  (Pat.  Appl'd. 
for.)  Tha  corract  liza  it  talactad  !n- 
ttantly  to  tava  tima  on  all  kindt  of  alac- 
trical  work.  Handlat  ara  ratittant  to 
alactrical  thock  and  fira.  Sockatt  ara 
p  r  a  c  i  t  i  o  n  formad,  daap  anough  to 
handla  two  nutt.  Siiat  ranga  (in  32ndi.) 
for  nutt  from  3/14"  to  3/8".  Suppliad 
in  tturdy  matal  holdar  (Pat.  Appl'd. 
for)  which  can  ba  wall  mountad  and 
lockad.  Detailt  and  pricat  on  raquatt. 


Where 

there  is  a  smokescreen 
—  there  is  firing  power 


Smokescreens  make  tactical 

maneuvers  more  effective  —  in¬ 
crease  the  effectiveness  of  firing 
power.  Enveloping  war  products  in 
the  smokescreen  of  secrecy  makes 
them  more  effective  weapons  against 
the  enemy. 

Countless  new  products  have  been 
created  by  the  plastics  industry— for 
uses  which  cannot  now  be  disclosed, 
and  in  quantities  which  cannot  be 
made  known.  Richardson  Plasticians 
h  ive  helped  solve  many  such  problems. 

By  using  molded  or  laminated 
INSUROK,  time  from  blueprint  to 
production  is  shortened— other  criti¬ 
cal  materials  are  saved — output  is  in¬ 
creased.  If  our  experience  can  help 
you  with  your  war  problems,  write  us. 


PARK  METALWARE  CO..  INC 

Orchard  Park  New  Yorl 


I’nt.  .\p|ili(Ml  For 


WOMEN  IN  DEFENSE 


TIME 

OUT 


INSUROK  ondfh*  cxperwiic*  of  Richardton 
Platficions  or*  holping  war  products  pro¬ 
ducers  by: 


1 .  Increa.sinK  output  per  machine- 
hour. 

2.  Shortening  time  from  blueprint  to 
production. 

3.  Facilitating  sub-contracting. 

4.  Saving  other  critical  materials  for 
other  important  jobs. 

5.  Providing  greater  latitude  for  de¬ 
signers. 

6.  Doing  things  that  "can’t  be  done." 

7.  Aiding  in  improved  machine  and 
product  performance. 


for  the  imperative  needs 
of  America  at  'vrar 

The  entire  production  equipment  and  iacili- 
tiea  oi  Fairchild  Aviation  Corporation  today 
are  being  used  lor  America's  vital  war 
needs.  Commercial  owners  and  users  oi 
Fairchild  precision  recording  and  amplify¬ 
ing  equipment  are  advised  to  take  the  best 
possible  care  oi  the  instruments  in  their 
possession.  Our  Service  Department  will 
gladly  assist  you  in  protecting  and  extend¬ 
ing  the  liie  oi  Fairchild  Equipment.  Call 
upon  us. 


77je  Richarc/son  Company,  Melrose 
Park,  III.;  Lockland,  Ohio;  New  Bruns¬ 
wick,  N.  J.;  Indianapolis,  Ind.  Sales 
Offices:  75  It'es/  St.,  New  York  Cit)'; 
C.  vM.  Building,  Detroit. 


il  bad  to  satisfy  Fairchild 


Mrs.  Ricker  conducts  classes  at  the  'Y'  as 
well  as  under  the  direction  oi  the  Women's 
Radio  League  for  the  purpose  of  teaching 
women  radio  code,  theory  and  mechanics. 
She  was  the  first  woman  to  rank  as  an 
officer  in  the  United  States  Navy  during 
the  first  World  War 


Sound  Equipment  Division 


ELECTRONICS 


DIE-LESS 

DUPLICATING 


The  set-Diul  portion  of  the  u-h-f 
bibliography  is  made  up  of  articles 
which  have  appeared  in  other  engineer¬ 
ing  publications,  and  is  likewise  divided 
into  several  sections.  These  sections 
are  the  same  as  those  already  enumer¬ 
ated  above,  except  that  one  additional 
section  is  added: 

10.  Foreign  Publications. 

In  each  section,  the  number  of  items 
listed  varies  with  the  degree  to  which 
the  subject  has  been  treated  in  the 
technical  literature,  but  perhaps,  on 
the  average  there  are  twenty-five  ar¬ 
ticles  in  each. 

Concluding  the  bibliography  is  the 
list  of  134  articles  on  frequency  modu¬ 
lation  also  prepared  by  Miss  Kelsey 
and  already  made  available  in  pam¬ 
phlet  form. 

In  general  the  bibliography  appears 
complete.  It  certainly  represents  a 
considerable  amount  of  labor,  and,  we 
feel  certain,  will  be  most  welcome  to 
the  engineer  who  is  anxious  to  locate 
articles  which  have  already  been  pub¬ 
lished  on  u-h-f  technique. 

Copies  of  the  “Reference  Guide  to 
Ultra  High  Frequencies”  may  be  ob¬ 
tained  upon  request,  upon  application 
to  E.  Kelsey,  Zenith  Radio  Corpora¬ 
tion,  Chicago,  Ill. 


G-M  TYPE  27 

A  Relay  of  Unquestionable  Supremacy  for 

AIRCRAFT  APPLICATIONS 


Current  Flow  Test  Sets.  A  4-page 
bulletin  describes  current  flow  test  sets 
which  are  instruments  designed  to  pro¬ 
vide  convenient,  rapid  and  accurate 
means  for  determining  the  flow  of  cur¬ 
rent  through  the  winding  of  various 
types  and  sizes  of  relays,  .'^halloross 
Mfg.  Co.,  Collingdale,  Pa. 


4313  NORTH  KNOX  AVE 


Oscillograph  Accessories.  Such  acces¬ 
sory  apparatus  as  Type  D5RR9  com¬ 
bination  oscillograph.  Type  PA  114  pre¬ 
amplifier,  angular  sweep  potentiometer, 
pressure  pickup,  detonation  amplifier, 
and  attenuator-calibrator  are  illus¬ 
trated  and  described  in  Form  32-B 
available  from  Rowe  Radio  Research 
Lab.  Co.,  4201  Irving  Park  Blvd., 
Chicago,  Ill. 


TAYLORS 

LAMINATED  PLASTICS 

Vulcanized  Fibre  •  Phenol  Fibre 


SHEETS,  RODS,  TUIES,  lAIRICATED  PARTS 


TAYLOR  FIBRE  COMPANY 

NORRISTOWN,  PA. 

PKific  Coast  Hoatfquarton  544  S.  San Podro St.,  Las  Anftlts, CaL 


RAF  FERRY  COMMAND 


Tlif  purls  shown  arc  tyi)ii-..I  of  tlic 
variety  of  simple  or  intricate  forms 
and  shap»-8  which  can  be  quickly  du¬ 
plicated  to  a  tolerance  of  .001'  wHth 
Dl-ACRO  Precision  Machines  — 
Shears.  Brakes.  Benders.  For  exjH'ri- 
mcntal  and  research  work  or  produc¬ 
tion  runs,  DI-.\CRO  Units  form  angle, 
channel,  tube.  rod.  moulding,  wire, 
strip  stock;  shear  stock  sheets,  trim 
duplicated  stampings.  With  Die-Less 
Duplicatiiig,  die  ex-  .  irpt 
pense  and  time  delay 
are  frequently  saved.  pJMjHIMAAI-i 
Senl  for  32-pa^  Cat-  -s  j.if  ■'  ^ 
alog  — “ M  etal  Dupli- 
eating  Without  Dies”. 


SHEAR 


BENDER 


Thi*  radio  ground  station  is  one  of  many 
which  keep  in  constant  touch  with  ferry 
pilots  while  they  are  in  the  air.  The  ferry 
command's  job  is  to  fly  American  built 
bombers  to  England 
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AGASTAT 


FOR  DIVERSITY 
IN  TIME  DELAY 


RECENT  U.S.  PATENTS 


Each  week  the  United  States  Patent  Office 
issues  grants  to  many  hundreds  of  inven¬ 
tions  that  pass  the  acid  test  of  that  office. 
A  few  of  those  relating  to  electronics  are 
reviewed  here 


Antennas  illustration  in  the  Gazette  shows  the 

following  dimensions,  overall  length 

All-wave  Antenna.  Dipole  normally  cm,  lead-in  two  wires  5  cm  apart,  ea'-h 
giving  maximum  response  in  certain  wire  32  cm  from  the  end  of  the  un¬ 
hands  of  frequencies  higher  than  1500  broken  wire,  the  two  antenna  wires 

kc,  anti-resonant  circuits  in  each  arm  being  2  cm  apart, 
resonant  to  frequencies  intermediate  to 

the  natural  responses  of  the  dipole,  the  Antenna  System.  Peripherally  ar- 
circuits  located  one  quarter  wavelength  ranged  planar  radiant  acting  linear 
of  the  desired  frequencies  from  the  conductor  of  small  dimensions  relative 
down  lead.  Amy  and  Aceves.  .luly  10,  to  the  operating  wavelength  arranged 
1937.  No.  2,282,292.  along  a  planar  periphery,  a  transmis- 

_  sion  line  directly  connected  to  and  form¬ 

ing  a  continuation  of  conductor,  said 
section  being  dimensioned  to  tune  sys¬ 
tem  to  the  operating  frequency  to  pro¬ 
duce  uniform  current  distribution  in 


Vehicle  Antenna.  Retractable  antenna 
with  mechanical  connections  to  knob 
with  indexing  means  for  frictionally  re¬ 
taining  the  antenna  in  one  of  several 
positions.  S.  H.  Watson,  Jr.  RCA.  Jan. 
4,  1940.  No.  2,284,782. 

Wideband  System.  Antenna  com¬ 
prised  of  horizontal  arms  conductively 
connected,  the  length  being  one-eighth 
of  the  operating  wavelength.  E.  C.  Cork, 
E&MI  Ltd.  Nov.  29,  1939.  No.  2,285,395. 

Directional  Antenna.  Two  oblique  con¬ 
ductors  of  equal  length  positioned  in  a 
horizontal  plane,  the  length  being 
greater  than  a  half  wavelength,  and 
equal  to  a  half  wavelength  plus  the 
projection  of  the  conductor  on  a  vertical 


lan.oui 

unit  introduces  a 
delay  when  the  control  circuit  is  either 
opened  or  closed.  Multiple  timing  effects 
ore  possible  with  circuit  combinations.  Rug¬ 
gedly  built  for  severe  service  requirements, 
the  AGASTAT  permits  a  delay  ranging  from 
0  fraction  of  o  second  to  several  minutes — 
all  by  the  simple  thumb  screw  adjustment. 
Electrical  Division,  American  Gas  Accumu¬ 
lator  Company,  Elizabeth,  New  Jersey. 

Write  for  Illustrated  Literature  4N-4 


radiant  conductor,  energy  transfer  to 
transmission  line  at  a  point  such  that  if 
energy  were  supplied  thereat  current 
would  circulate  about  periphery  in  the 
same  sense  at  all  points,  whereby  radi¬ 
ant  action  of  system  is  substantially 
uniform  in  all  directions  about  periph¬ 
ery  and  has  everywhere  a  polariza¬ 
tion  substantially  parallel  to  the  plane. 
A.  Alford,  IT  &  R  Mfg.  Corp.  Apr.  26. 
1939.  No.  2,283,897. 


Resonant  Structure.  Pair  of  similar 
disc-like  members  face  to  face  with  a 
conductive  hub  at  the  center,  the  mem¬ 
bers  being  so  close  together  that  the 
inductive  reactance  of  the  hub  is  neg¬ 
ligible  in  comparison  with  the  lumped 
capacitive  reactance  of  the  members;  a 
tube  connected  to  the  members  at  a 
point  to  insure  proper  transfer  of  en¬ 
ergy;  the  radial  distance  between  the 
region  of  connection  of  the  electrodes 
and  the  line  of  centers  of  the  disk-like 
members  being  related  to  the  radius  r, 
of  the  hub  by  the  equality 

Jo  (2irro  X)  _  Ji(2irrp  X) 

A'o(2;rro/X)  A'i(2irrp  X) 
where  J„  and  J,  represent  Bessel  func¬ 
tion  of  the  first  kind  and  respectively 
of  the  zero  and  first  orders,  and  .V, 
represent  Bessel  functions  of  the  second 
kind  and  respectively  of  the  zero  and 
first  orders,  and  X  represents  an  oper¬ 
ating  wavelength  corresponding  to  the 
.said  particular  frequency.  E.  D.  Mc¬ 
Arthur,  GE  Co.  Aug.  17,  1940.  No.  2,- 
284,405. 


plane  including  the  distant  cooperating 
station  and  the  antenna,  one  terminal 
of  each  conductor  being  positioned  in  a 
plane  perpendicular  to  the  vertical  plane 
and  the  other  conductors  being  super¬ 
posed.  Edmond  Bruce,  BTL  Inc.  Feb.  3, 
1931.  No.  2,285,565. 


CHECK  THESE  AGASTAT  ADVANTAGES 


Unaffected  by  dust,  dirt  or  temperature 
Thumb  screw  odjuilment  tor  delay  Increase 
For  use  with  either  AC  or  DC 
Diversity  of  timing  effects  possible 
Positive  snop-oction  type  contacts 


Wideband  Antennas.  Several  patents 
relating  to  structures  responsive  over 
wide  wavelength  ranges.  No.  2,283,914 
to  P.  S.  Carter,  RCA;  No.  2,285,669  to 
G.  Lehmann,  Paris,  SADIR;  No.  2,286,- 
179  to  N.  E.  Lindenblad,  RCA;  No.  2,- 
283,938.  Each  structure  except  the  last 
is  a  folded  antenna  composed  of  two 
parallel  conductors  closer  together  than 
the  length  of  the  shortest  wave  to  be 
received,  one  conductor  broken  in  the 
center  for  a  lead-in,  the  other  unbroken. 
The  Lehmann  antenna  has  an  imped¬ 
ance  equal  to  the  characteristic  imped¬ 
ance  of  the  antenna  inserted  in  the  un¬ 
broken  conductor.  The  Carter  patent 
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At  last  you  can  get 

Basic  Training 
FOR  II  U  r  WORK 


in  this  single 
^  Volume!  ^ 


PRONG-BASE! 


In  Canada:  AEROVOX  CANADA  LTD.,  Hamilton.  Ont, 


EXPORT:  100  Varick  St.,  N.  Y.,  Cable  ‘ARLAB' 


Tube  Construction.  A  unitary  stem 
base  for  closing  otf  a  radio  tube  bulb  or 
the  like  comprising  a  button-shaped 
member  of  soft  glass,  and  a  plurality  of 
rigid  metal  rods  sealed  through  th*^ 
glass,  said  rods  being  of  an  alloy  com 
posed  of  38  to  not  more  than  45%  nickel: 
3  to  15%  chromium;  0.1  to  2%  metal 


Now,  for  the  first  time,  you 
can  easily  ground  yourself 
in  this  new  field — essential 
for  war  work,  and  with  prof¬ 
itable  after-war  applications! 


of  the  group  consisting  of  aluminum, 
zirconium  and  calcium;  and  the  balance 
substantially  of  iron,  the  alloy  having 
sufficient  hardness  and  tensile  strength 
to  permit  said  rods  to  be  used  dii’ectly 
as  external  plug-in  prongs  without 
danger  of  weakening  the  seal.  W.  E. 
Kingston,  Hygrade  Sylvania.  .\pril  25, 
1939.  No.  2,284,151. 


come,  to  the  peace-time  applications — which 
already  show  sure  promise  of  great  future 
development. 

from  the  first  page  to  the  last,  this  book  is  so 
effectively  organized  that  you  con  master  and 
apply  its  contents  most  rapidly.  Over  300  dia- 
.;irams  bring  out  most  strikingly  the  salient 
points.  Sixteen  thorough  chapters  treat  all  the 
subjects  in  full  detail:  Linear  Circuit  Theory; 
Power  FectUicalion;  Amplification;  Oscillation; 
Cathode-Hay  Tubes;  Cathode-Hay  Tube  Circuits; 
Modulation;  Demodulation;  Heceivers;  Transmit¬ 
ters;  U.H.F.  Generators:  Transmission  Lines; 
Badiation;  Propagation;  Wave  Guides;  Labora- 
ory  Manual.  The  last  chapter  gives  a  series  of 
experiments  carefully  planned  to  show  simply 
the  essential  phenomena  and  relationships.  You 
will  be  able  to  get  a  thorough  tra'.ning  in  U.H.F. 
from  thi”  outstanding  book. 

Prepared  by  Outstanding 
Electrical  Engineers 

This  volume  is  the  direct  outgrowth  of  a  meet- 
ng  held  at  M.I.T.  in  November,  1941.  There  the 
representatives  of  some  40  institutions  outlined 
he  training  necessary  to  meet  present-day 
needs.  This  book  was  prepared  in  strict  accord¬ 
ance  with  that  outline,  by  four  scientists  who 
attended  that  meeting  at  M.I.T.  Its  editor  is  Dr. 
I.  G.  Brainerd,  Professor  in  the  Moore  School 
of  Electrical  Engineering,  University  of  Penn¬ 
sylvania.  Its  other  authors  are  Mr.  Glenn 
Koehler,  Assistant  Professor  of  Electrical  Engi¬ 
neering,  University  of  Wisconsin;  Dr.  Herbert  I. 
Reich,  Professor  of  Electrical  Engineering,  Uni¬ 
versity  of  Illinois;  and  Dr.  L.  F.  Woodruff, 
Associate  Professor  of  Electrical  Engineering, 
Massachusetts  Institute  of  Technology,  Each  of 
these  men  knows  just  what  training  is  neces¬ 
sary  in  the  U.H.F.  field.  Each  author  has  had. 
moreover,  long  teaching  experience,  so  he  is 
able  to  present  all  this  knowledge  so  you  can 
most  easily  understand  it,  master  it,  and  apply 
't  to  best  advantage  in  solving  problems  and 
making  specific  applications.  Convince  yourself 
by  5  days'  reading  that  it's  just  what  you've 
I  hoped  for,  and  a  big  value  lor  S4.S0. 


#  Those  Aerovox  refinements  in  prong-base 
electrolytics  are  again  called  to  your  at¬ 
tention.  They  are  worth  noting,  espe¬ 
cially  today  when  radio  and  electronic 
assemblies  are  intended  for  many  more 
hours  of  continuous  service.  Here  they 


Electron  Multiplier.  A  source  of  elec¬ 
trons,  a  bent  plate  having  a  secondary- 
electron  emissive  inner  surface  circum¬ 
scribing  a  space  toward  which  electrons 
from  said  source  are  directed,  said  plate 
having  a  pair  of  inwardly  directed  mar¬ 
ginal  portions  defining  an  opening 
which  faces  the  source  and  through 
which  electrons  from  source  pass  in 


construction.  ^ 

yot  normally  self 
electrolyte  « 

■  A?,;;"*  ■“' 

‘  on  h„  cap  wfth  .lo"' 
?ask.t  resting  solX 
•he  souare-«l.»  .ij  ^  *“  Pla 

usuol  slooina  dnsteo 


unusual 


fequirements. 


9  Ask  for  a  sample,  on  your  business  sta 
tionery.  Let  us  quote  on  your  require¬ 
ments.  Our  catalog  will  be  sent  on  re¬ 
quest. 


a.  VAN  NOSTRAND  COMPANY.  INC. 

250  Fourth  Ave.,  New  York  City 

Sniiil  me  ntra  Hioh-FrfQMfncy  Ttckniqufii  on  5 
H.\YS  KUKK  .\Pt’K()V.\L.  .\t  the  tnd  of  5  d«ys 

I  will  return  the  bonk  or  send  you  Sl.fA  in  full 
piyment. 


traveling  to  emissive  inner  surface,  and 
a  collector  electrode  for  secondary  elec¬ 
trons  supported  within  enclosed  space 
behind  the  marginal  portions  of  the 
plate.  J.  A.  Rajchman,  RCA.  July  28, 
1939.  No.  2,285,126.  See  also  No.  2,285,- 
848  to  van  den  Bosch,  Vacuum-Science 
Products,  Ltd.  on  an  electron  multiplier 
tube. 


Name 
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a 


surges. 


A.  Compensate  for  resistance  changes  in 
a  circuit  due  to  temperature  variations. 


H.  As  a  remote  unit  in  a  temperature 
indicating  device. 


Ion  Souree.  An  ion  generator  for  .sup¬ 
plying  high  energy  ions  to  a  low  pres¬ 
sure  ion  consuming  device  comprising 
a  vitreous  chamber,  a  source  of  heavy 
hydrogen  connected  to  said  chamber,  a 
capillary  tube  outlet  of  dielectric  mate¬ 
rial  connecting  said  chamber  to  the  con- 


#  The  new  Keystone  NTC  Resistors  have 
the  following  Practical  Applications 


C.  Provide  various  degrees  of  time  delay  ^ 
in  electrical  units.  I 

Q  !  Ultj: 

l>.  Reduce  or  eliminate  initial  current  S2  j!!!  Ip 


Resistors  made  of  this  material  have 
stable  and  reproducible  characteristics. 
They  are  strong  mechanically  and  have 
copper  sprayed  terminals  or  tinned  copper 
leads  for  soldering  connections.  They 
can  be  manufactured  with  a  wide  range 
of  resistance  values  at  a  designated  de¬ 
gree  of  temperature  and  a  variety  of 
coefficients. 

Write  for  information  or  recommenda¬ 
tions  on  your  application. 


Standard  sites  and  wattaqn  ratings 

Maximum 

Size  Rating 

Vl”  long  X  5/32"  dia . 1  watt 

1"  long  X  ^/i2"  dia-.  .  2  watt 

1"  long  X  Va"  dia . 3  watt 


Manufacturers  of  precision  moulded  products 


suming  device,  an  electrode  in  tsaid 
chamber,  an  electrode  adjacent  said  out¬ 
let  and  a  source  of  high  frequency 
power  connected  to  said  electrodes  for 
producing  a  high  frequency  discharge 
through  said  outlet.  J.  Slepian. 
WE&M  Co.  June  14,  1940.  No.  2,285,622. 


Photoelectric  Surface.  A  method  of 
manufacturing  a  photoelectrically  sen¬ 
sitive  surface  which  consists  in  de¬ 
positing  upon  a  supporting  surface  a 
layer  of  bismuth,  depositing  upon  said 
bismuth  layer  a  layer  of  silver,  oxidiz¬ 
ing  the  silver,  heating  the  composite  bis¬ 
muth-silver  oxide  layer  so  that  the  bis¬ 
muth  is  oxidized,  and  finally  depositing 
an  alkali  metal  on  said  composite  layer 
so  that  the  bismuth  oxide  is  reduced  to 
bismuth.  A.  Sommer,  Cinema-Television, 
Ltd.  July  29,  1939.  No.  2,285,062.  See 
Also  No.  2,285,058  to  K.  A.  R.  Samson 
on  method  of  making  mosaics. 


KEYSTONE  CARBON  CO.,  INC. 


1S3S  STATE  ST 


SAINT  MARYS,  PENNA. 


\  HOBBY  GOES  TO  WAR 


Suppliers 

to 

Foremost  Manufacturers 

of 


fmROMC 

,  JJe/inciA^ 


demandinq 

HIGHEST 

QUALITY! 


?•! 


NEW  YORK  TRANSFORMER  CO. 

26  WAVERLY  PLACE,  NEW  YORK,  N.  Y. 


Thu  young  lady,  Maureen  Miller  took  up 
telegraphy  as  a  hobby.  Now  the  U  on 
duty  as  a  telegraph  operator.  She  studied 
in  night  classes  to  perfect  her  training  at 
a  WAC  soldier  (Canadian  Women's  Army) 
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?emp«alure  C^tlicient  Resistance  Mate^ 


Heealive 


Standard  sizes  and  wattaqn  ratings 

Maximum 

Size  Rating 

'2"  long  X  5/32"  dia . 1  watt 

1"  long  X  5/32"  dia-.  .  2  watt 

1"  long  X  Va"  dia . 3  watt 


EFFICIENT  OPERATION 


SYNTHITE 


You  would  be  delightfully 
amazed  to  know,  were  we  privi¬ 
leged  to  tell,  the  endless  war 
applications  for  “TOPHET”*  and 
other  Wilbur  B.  Driver  Company 
special  alloys. t  Here  too  their 
dependability  and  performance 
are  outstanding.  Consult  with 
us  for  your  electrical  and  heat- 
resisting  alloy  requirements. 


JOHN  C.  DOLPH  COMPANY 


Vsrntth 


WILBUR  B  DRIVER  CO. 

MIWAIK.  MIW  JlltIT 


169-A  Emmel  Si.,  Newark,  New  Jersey 


Cathiide.  Emissive  layer  on  one  side 
of  a  flat  metallic  carrier,  the  other  side 
of  which  is  fitted  with  a  polished  metal 
layer  having  an  optical  radiating  capac¬ 
ity  less  than  that  of  the  carrier,  as  a 
radiation  inhibiting  means.  Felix  Her- 
riger,  C.  T.orenz.  Sept.  24,  1940.  No. 
2.284,65.'>. 


Indicator.  Thermionic  cathode,  annu¬ 
lar  anode  coated  with  fluorescent  mate¬ 
rial,  several  control  electrodes  arranged 
symmetrically  about  the  cathode,  a 
transmitter  having  stator  and  rotor 


with  connections  between  stator  and 
control  electrodes,  electrons  con¬ 
strained  into  beams,  and  means  for  in¬ 
dicating  on  anode  position  of  rotor  of 
transmitter  as  it  moves.  A.  A.  Stuart, 
Bendix,  Dec.  30,  1940.  No.  2,283,103. 


Wr»0  Hr 

NEW  1942  CATALOG 
Adrfrvti — Depf.  E-9 


UULrn  0  DEEP  DRYING 
CLEAR  BAKING  VARNISH 


Cavity  Resonator.  Means  for  project¬ 
ing  a  beam  of  electrons  into  a  cavity 
within  which  is  a  field  of  standing  waves 
and  means  for  shielding  the  electrons 
so  that  alternate  half  cycles  of  the  field 
react  upon  the  electrons.  E.  G.  Linder. 
RCA.  Aug.  31,  1939.  No.  2.284,7.')!. 


Dependable,  uninterrupted  service  is 
now  being  engineered  into  electronic 
^paratus  by  the  specification  of  SYN¬ 
THITE  PG-1  as  the  insulating  varnish 
protection  so  necessary  on  this  type  of 
equipment.  Due  to  its  deep  drying  char¬ 
acteristics  this  DOLPH  grade  is  especi¬ 
ally  suited  for  applications  requiring 
excellent  mechanical  bonding  strength. 
SYNTHITE  PC»-1  has  high  heat  resis¬ 
tance,  is  impervitius  to  moisture,  and 
will  retain  its  extreme  flexibility  for 
long  periods. 

Assure  efficient  operation  in  your 
prt>ducts,  tcH);  specify  SY  NTHITE  PG-l 
for  your  requirements.  It  offers  the 
numerous  electrical  and  mechanical  ad¬ 
vantages  essential  for  today’s  needs. 


Electron  Camera.  Two  patents  on 
camera  and  receiving  tubes  to  T.  W. 
Sukumlyn,  Los  Angeles.  April  2,  1938, 
No.  2,281,637  and  May  17,  1940,  No.  2,- 
281,638. 


Wave  Guide.  Directive  transmis.sion 
or  reception  by  separately  and  concur¬ 
rently  guiding  adjacent  portions  of  the 
wave  front  of  the  electromagnetic 
waves,  altering  the  velocities  of  propa¬ 
gation  of  the  portions  so  that  the  .shape 
of  the  wave  front  is  modified  and  final¬ 
ly  projecting  all  of  the  guided  por¬ 
tions  into  coalescing  relation  to  form 
a  unitary  wave.  A.  P.  King,  BTL  Inc. 
April  29,  1938.  No.  2.’283,93.'i. 


ELECTRONIC  INQUIRIES  ARE  INVITED 

The  diversified  line  of  1)01. I’ll  Insulating 
Varnishes  .md  (\>iniMmnds  includes  a  type 
and  grade  to  solve  your  problem.  Our  ■10. 
page  Catalog — describing  the  mechanical  and 
electrical  properties,  advantages  and  inetlvrfls 
of  application  of  each  is  available  on  ref^inst 
without  obligation. 


Tiihe  .\|>|>licatioii!!i  to 
Measiirenienls 


Humidity  Measurement.  Application 
of  electron  tube  generator  and  amplifier 
to  a  humidity  measuring  device.  F.  W. 
Dunmore,  U.  S.  Govt.,  June  8,  1940,  No. 
2,285,421. 
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WAR 


Measuring  System.  Unknown  voltage 
is  measured  by  intermittently  changing 
the  potential  of  a  tube  control  grid  in 
accordance  with  the  unbalance  between 
the  unknown  and  a  known  voltage  at 
intervals  greater  than  the  half  period 
of  the  galvanometer.  Felix  Wunsch, 
Leeds  &  Northrup.  Feb.  24,  1939.  No. 
2,285,482. 


a  really  high-powered 


Integrating  Photometer.  Combination 
of  current-producing  photoelectric  cell, 
a  coil  to  rotating  freely  in  a  magnetic 
held,  amplifier  and  counter  mechanism. 
A.  H.  Lamb,  Weston  El.  Inst.  Co.  Jan. 
10,  1940.  No.  2,286,036. 


Balance  Indicator.  In  a  voltage  meas¬ 
uring  system,  unbalance  voltages  pro¬ 
duce  a  periodic  variation  in  the  charge 
of  a  condenser  whereby  the  amplifier 
produces  a  periodic  voltage  variation  of 
such  a  phase  that  it  indicates  the  direc¬ 
tion  of  unbalance  of  the  system.  J.  R. 
MacKay,  Wallace  &  Tiernan  Products, 
Inc.  May  31,  1938,  No.  2,  284,476. 


Th«  Library  com^rlMi 
a  talaction  of  books 
cultad  from  loading 
McGraw-Hill  publica¬ 
tions  In  tha  radio 
flald. 


Depth  Measurement.  Two  patents  to 
Submarine  Signal  Co.,  No.  2,284,654  for 
measuring  distances  under  water  and 
No.  2,284,649  means  for  maintaining 
frequency  and  voltage  of  a  motor  gen¬ 
erator  under  varying  operating  condi¬ 
tions. 


if  Tough!  That  best  describes  the  Claro- 
stat  power  rheostat  now  standard  equip¬ 
ment  in  many  planes,  mainly  lor  panel 
lighting  control.  Now  orailoble  in  50- 
watt  and  25-watt  sizes.  For  aircraft  ap¬ 
plications,  the  armored  or  enclosed  type 
here  illustrated  is  generally  preferred. 
Tough,  both  mechanically  and  electri¬ 
cally.  Handles  severe  overloads  without 
flinching.  Minimizes  maintenonce.  Note 
these  features: 


atpecially  Mlacted  by  radio  (poclalUti  of 
McGraw-Hill  aubllcationt 


to  |ivo  moot  com  biota,  dobondablo  cov- 
araie  of  facts  neodad  by  all  whoso  flolds 
arc  iroundad  on  radio  fundamontals 

availablo  at  a  sboclal  prieo  and  torms 


Thickness  Measurement.  Tube  equip¬ 
ment  for  measuring  thickness  of  die¬ 
lectric  material  by  change  in  capaci¬ 
tance  of  a  condenser.  F.  A.  Firestone, 
Owens-Illinois  Glass  Co.  Nov.  18,  1939, 
No.  2,285,152. 


These  books  cover  circuit  phenomena,  tube 
theory,  networks,  measurements,  and  other 
nubjects — give  specialized  treatments  of  all 
delds  of  practical  design  and  application.  They 
are  books  of  recognized  position  in  the  litera¬ 
ture — books  you  will  refer  to  and  be  referred 
to  often.  If  you  are  a  practical  designer,  re¬ 
searcher  or  engineer  In  any  field  based  on  radio, 
you  want  these  books  for  the  help  they  give  In 
hundreds  of  problems  throughout  the  whole 
field  of  radio  engineering. 


'adiafi^  **•«»  ~nducfior 


5  volumes,  3559  pages,  2558  illustrations 

I'astman's  FUNDAMENTALS  OF 
VACUUM  TUBES,  2nd  edition 

Terman’s  RADIO  ENGINEERING,  2nd 
edition 

Everitt’s  COMMUNICATION  ENGI- 
NEERING,  2nd  edition 

Hand’s  HIGH  FREQUENCY  MEASURE¬ 
MENTS 

Henney’s  RADIO  ENGINEERING  HAND¬ 
BOOK,  3rd  edition 


'•sisiance.  ****“9* 


SECRET  RADIO 


SPECIAL  LOW  PRICE  •  EASY  TERMS 

Special  price  under  this  offer  less  than  coat 
of  books  bought  separately.  In  addition,  you 
have  the  privilege  of  paying  In  easy  Install¬ 
ments  beginning  with  )3.00  in  10  days  after 
receipt  of  books,  and  $3.00  monthly  thereafter. 
.\lready  these  books  are  recognized  as  standard 
works  that  you  are  bound  to  re<iuire  sooner  or 
later.  Take  advantage  of  these  convenient 
terms  to  add  them  to  your  library  now. 


if  Write  for  descriptive  bulletin  and  stand¬ 
ard  listings.  Submit  that  control  or  re¬ 
sistance  problem  for  our  engineering  col¬ 
laboration. 


FOR  10  DAYS  EXAMINATION  SEND  THIS 

...... ...on-approval  coupon-——. 


McGraw-Hill  Book  Co.,  330  W.  42nd  St..  N.  Y. 

Send  me  Radio  Engineering  library  for  10  days' 
examination  on  approval.  In  10  days  I  will  send 
33.00  plus  few  cents  postage,  and  33.00  monthly  till 
324  is  paid,  or  return  books  postpaid.  (We  pav 
postage  on  orders  accompanied  by  remittance  of 
first  installment.) 


Shown  left  to  right  are  Raymond  P.  Mer¬ 
chant.  technician,  Ellison  S.  Purington, 
physicist  and  John  Hays  Hammond,  Jr., 
inventor  of  a  new  type  radio  transmitter 
and  receiver.  The  transmitter  sends  out 
a  spiral  wave  which  turns  either  to  the 
right  or  to  the  left  according  to  the  opera¬ 
tor.  The  receiver  selects  waves  oi  either 
polarization  and  aifords  secret  communica¬ 
tion  between  points 
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Addres.s 


Clarostat  Mfg.  Co.,  Inc. 

285-7  N.  6th  St.  •  Brooklyn,  N.  Y. 


City  and  State 


Position 


Company 
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Voltmeter.  Voltmeter  circuit  includ¬ 
ing  a  current  responsive  meter  having 
a  scale  compressed  at  both  ends  with 
respect  to  the  center,  a  pair  of  multi¬ 
plying  resistances  connected  in  series 
with  meter  and  a  shunt  across  meter, 
said  shunt  having  a  resistance  which 
decreases  with  increasing  potential  ap¬ 


When  accuracy  counts,  place  im¬ 
plicit  faith  in  E^Jur  Meters.  Used 
by  hundreds  of  manufacturers  in 
vital  industries,  these  meters 
exemplify  the  highest  traditions 
of  New  England  skill  and 
craftsmanship. 


plied  thereacross  whereby  the  sensitiv¬ 
ity  of  meter  is  decreased  for  large  po¬ 
tentials,  one  of  said  multiplying  re¬ 
sistors  having  a  resistance  which  de¬ 
creases  with  increase  in  voltage  there- 
across  for  decreasing  the  sensitivity  of 
said  meter  for  small  potentials.  C.  W. 
Hansell,  RCA.  .Tune  1,  1940,  No.  2.281,- 
423. 


New  catalog  1  -61  how 
available.  Write,  wire 
or  phone  Dept.  A 


Voltage  Indicator.  A  commutating  ar¬ 
rangement  for  simultaneously  indicat¬ 
ing  several  d-c  voltages  on  the  screen  of 
a  cathode-ray  tube.  K.  C.  Ripley,  Wash¬ 
ington,  D.  C.  June  28,  1939.  No.  2,283,- 
951. 


Phase-shift  Indicator.  A  cathode-ray 
system.  B.  D.  Loughlin,  Hazeltine,  Aug. 
3,  1940.  No.  2,285,038.  Also  No.  2,284,- 
219  to  A.  V.  Loughren,  Hazeltine,  on  a 
signal  waveform  indicator  using  cath¬ 
ode-ray  tube. 


RESISTORS 


AIR  PRECAUTION  AGAINST 
JAPS 


These  widely  used  Resistors  are  favored 
because  of  their  noiseless  operation  and 
durability  and  because  they  retain  their 
values  and  characteristics  under  extremes 
of  temperature,  humidity  and  climatic 
changes. 


Radio  communication  is  maintained  con- 
itantly  to  prevent  invasion  by  the  Japs 
on  the  West  coast  The  Army  maintains 
posts,  such  os  this,  for  observation  ilights. 
All  planes,  except  transport  lines,  have 
been  grounded 


The  S.  S.  White  Dental  Miq.  Co. 
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Department  R,  10  East  48th  St..  New  York,  N.  Y. 
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RELAYS 


AUTOMATIC  ^  ELECTRIC 

Electrical  Control  Apparatus 


NEW  BOOKS 


American  Standard  Deiini> 
tion.s  of  Electrical  Terms 

Published  by  American  Institute  of 
Electrical  Engineers  (311  pages.  Price, 
$1.00  in  the  United  States) 

In  1928  THE  American  Standards  As¬ 
sociation  approved  the  initiation  of  a 
project  covering  “definitions  of  tech¬ 
nical  terms  used  in  electrical  engineer¬ 
ing,  including  correlation  of  definitions 
and  terms  in  existing  standards.”  Un¬ 
der  this  authorization  the  appropriate 
committees  and  subcommittees  were  es¬ 
tablished  under  the  sponsorship  of  the 
American  Institute  of  Electrical  Engi¬ 
neers,  and  for  the  past  thirteen  years 
have  been  engaged  in  the  establishment 
of  standard  definitions  of  electrical 
terms.  During  1932  copies  of  the  re¬ 
ports  of  the  various  committees  were 
circulated  for  comments,  and  from  the 
response  received  from  this  preliminary 
report,  many  additional  changes  were 
considered  and,  where  feasible,  sucb 
changes  were  incorporated.  The  present 
report,  a  300-page  volume,  8x11  inches 
in  size  represents  the  standard  defini¬ 
tions  of  terms  as  finally  approved  early 
in  1941.  The  report  represents  the  time 
I  and  thought  of  scores  of  men,  freely 
given  as  their  contribution  to  the  ad¬ 
vancement  of  electrical  engineering,  for 
a  period  of  more  than  thirteen  years. 
Only  one  who  has  had  some  acquaint¬ 
ance  with  the  time-taking  (and  fre¬ 
quently  tedious)  procedure  under  such 
a  standardization  program  can  appreci¬ 
ate  the  vast  amount  of  work  which  has 
been  expended  on  this  report. 

The  introduction  to  this  volume  states 
j  that,  “the  primary  aim  in  compiling 
i  this  glossary  has  been  to  express  for 
each  term  the  meaning  which  is  gener- 
I  ally  associated  with  it  in  electrical  engi- 
I  neering  work  in  this  country.  When 
possible,  the  definitions  have  been  gener¬ 
alized  so  as  not  to  preclude  the  different 
specific  interpretations  which  may  be 
attached  to  the  term  in  particular  ap¬ 
plications,  the  greatest  weight  naturally 
being  given  to  the  strictly  engineering 
applications.  Also,  it  was  agreed  that 
the  preferred  definition  is  a  simple  one 
and  the  tendency  has  been  toward  the 
simple  statement  of  function 


Automatic  Electric  Class  “A”  Relays,  recognized  as  “tops” 
among  all  general  purpose  relays,  are  examples  of  the  many 
types  of  electrical  control  devices  being  used  successfully 
l>y  makers  of  war  products. 

Our  50  years  of  experience  in  designing  and  manufactur¬ 
ing  electrical  control  apparatus  is  also  at  your  call  to  help 
you  in  selecting  the  best  equipment  for  each  specific  need. 

If  you  are  engaged  in  war  production,  be  sure  to  get  our 
new'  80-page  catalog.  Write  today  to: 

AMERICAN  AUTOMATIC  ELECTRIC  SALES  COMPANY 

1033  West  Van  Buran  Str**l  Chicago 


Changed  Your  Address? 


•  Copies  of  ELECTRONICS,  to  have  their  full  value, 
should  reach  you  promptly  and  with  no  inconvenience. 
This  we  constantly  strive  to  do. 

BUT,  if  you  have  moved  lately  and  haven’t  notified  us 
it  means  a  delay  in  your  copy  reaching  you. 

If  you  are  planning  to  move,  why  not  tell  us  so  we  can 
change  your  stencil  to  coincide  with  your  change  of 
address.^ 


Jgst  AII-In  this  form  aad  mail  it  to  us.  Wo'll 
do  tho  rest  in  gottiug  your  copies  to  you  promptly. 


rather 

than  to  the  explicit  description  of  all 
properties  included  and  excluded.”  The 
first  group  of  definitions  oh  general 
(fundamental  and  derived)  terms  neces¬ 
sarily  employs  a  certain  amount  of 
mathematics,  but  the  remaining  sec¬ 
tions  are  word  definitions  without  the 
use  of  mathematics.  The  definitions 
are  divided  into  eighteen  separate 
sections  covering:  general  terms;  ro¬ 
tating  machinery;  transformers,  regu¬ 
lators,  reactors  and  rectifiers;  switch¬ 
ing  equipment;  control  equipment;  in¬ 
struments,  meters,  and  meter  testing; 
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Keneration,  transmission,  and  distribu¬ 
tion;  transformation;  electromechanical 
applications;  electric  welding  and  cut¬ 
ting;  illuminating  engineering;  electro¬ 
chemistry  and  electrometallurgy;  w’ire 
communication ;  radio  communication ; 
electronics;  radiology;  electrobiology, 
including  electrotherapeutics;  and  mis¬ 
cellaneous. 

By  far  the  larger  portion  of  the  vol¬ 
ume  is  devoted  to  definitions  of  elec¬ 
trical  terms  used  in  the  generation, 
transmission,  and  distribution  of  power. 
The  space  devoted  to  electrical  com¬ 
munications  is  30  pages,  or  10  percent 
of  the  book;  that  devoted  to  electronics 
is  6  pages,  and  these  definitions  appear 
to  be  similar  to  those  established  by  the 
Institute  of  Radio  Engineers.  But  per¬ 
haps  it  is  natural  that  the  newer 
branches  of  engineering  should  have 
time  to  become  settled  before  attempt¬ 
ing  too  much  standardization. 

To  the  student,  the  engineer,  the 
technical  writer  or  editor  in  the  field 
of  electrical  engineering,  these  stand¬ 
ards  should  do  much  to  clarify  the  real 
1  meaning  and  significance  of  technical 
statements. — B.  D. 
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Tm  a  draltsman.  .My  buddies  fighting  and 
dying  on  our  far-flung  battle  fronts  spur  me 
on  . .  .  It’s  for  them. 

“It’s  for  my  wife  and  kids.  And  for  my 
fellow  artists,  the  cop  on  the  corner,  the 
milkman,  the  shoe  shine  boy . .  .  tor  everyone 
that  makes  up  this  great  country.  It’s  tor  us. 

“It’s  for  the  land  where  my  fathers  died 
.  .  .  our  free  way  of  life.  It's  tor  Victory ! 

"iX’ith  my  Typhonile  ELDORADO  in 
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Pencil  Sales  Dept.  59- J9 
JOSEPH  DIXON  CRUCIBLE  CO. 

Jersey  City,  N.  J. 
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I'lie  Speflriiiii  of  Hy(lr«>jjeii 

By  WiLLiA.M  Mayo  Venable,  Consult¬ 
ing  Engineer,  Blaiv-Knox  Co.,  Pitts¬ 
burgh,  Pa.  Paper  hound,  IfiJ^  pages, 
1H2. 

According  to  the  author,  “this  is  the 
only  book  that  gives  a  complete  analysis 
of  the  hydrogen  band  systems,  showing 
their  relationships  to  the  primary  sys¬ 
tem,  relationships  hitherto  not  consid¬ 
ered  possible.  The  book  also  contains 
the  first  serious  attempt  to  account  for 
spectra  without  disregard  of  the 
fundamental  concepts  of  electromag¬ 
netic  theory.” 

It  is  definitely  a  book  for  the  physi¬ 
cist.  Chapter  headings  are  Classifica¬ 
tion  of  lines  and  levels  of  hydrogen 
spectra.  Stages  in  excitation  of  pure 
hydrogen.  Spectroscopic  evidences  of 
hydrogen  in  other  elements.  Theoretical 
atoms  and  the  electromagnetic  theory, 
and  The  electromagnetic  theory  and 
continuous  spectra,  plus  the  tables. 

To  any  one  of  the  proper  background 
this  little  book  will  make  reading  that 
is  not  only  interesting  but  speculatively 
stimulating. — k.h. 


if  Substdntial  economies  cen  be  ef¬ 
fected  by  specifying  Instrument  Re¬ 
sistors.  Specializing  exclusively  in 
this  line  of  precision  components — 
fixed  and  variable  resistors,  meter 
shunts,  choke  coils,  solenoids,  etc. — 
our  manufacturing  facilities  are  am¬ 
ple  to  produce  large  quantities  on 
exceedingly  short  notice.  If  you  re¬ 
quire  a  special  unit  designed  to  spe¬ 
cification,  our  engineers  will  gladly 
collaborate.  Investigate  Instrument 
Resistors  today  —  application-de¬ 
signed  to  lower  your  production 
costs  considerably.  Literature  will  be 
sent  on  request  without  obligation. 


Premax  Telescoping 
Antennas  for  Wartime 
. ,  Installations 


Fully  U'lesco|)iii»  and 
adjustable  antennas  in 
in  o  n  e  1,  alnmininn  and 
steel  are  nieetin}j  general 
aeeeptanee  for  Tvartiine 
installations  fin  land,  sea 


If  yon  have  a  prob¬ 
lem  in  installation  wbieb 
practieal. 


TYPE  JN — mice  card,  standard  tolerance  1%. 
maximum  resistance — ^100.000  ohms,  size  1’ 
wide  z  314'  long  z  1/16*  thick.  Mounting  by 
insulated  holes  to  clear  6/33  screw.  Terminals: 
hot  tinned  copper  lug. 


^  requires  a 

sturdy  Antenna 
Mounting,  ask  ns. 


Introdiietioii  to  Physies 

By  Harley  Howe,  Professor  of  Physics, 
Cornell  University  (559  pages.  Illus¬ 
trated.  Price,  $3.75.  \IcGran'-Hill  Book 
Co.) 

Here  is  an  elementary  textbouk  uii 
physics  from  the  modern  point  of  view. 
Its  forty-five  chapters  contain  discus¬ 
sions  on  the  general  topics  of  mechanics. 


DitiiioH  Chhbolm-RyUer  Co.,  Inf. 

1214  Highland  Ave.,  Niagara  Falls. 
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hydrostatics,  sound,  heat,  electricity, 
atomic  phenomena,  and  light  and  optics. 
Considerable  attention  appears  to  have 
been  devoted  to  the  development  of  text 
and  illustrations  which  would  give  the 
student  a  pictorial  grasp  of  the  subject 
as  an  aid  in  understanding,  rather  than 
memorizing,  the  text.  To  this  end,  pains 
are  taken  to  show  that  Newton’s  laws 
are  applicable  to  subjects  besides  me¬ 
chanics,  and  that  the  various  divisions 
of  physics  are  not  separate  and  isolated 
pigeon  holes,  but  rather  that  they  pro¬ 
vide  a  different  point  of  view  or  a  dif¬ 
ferent  medium  in  which  the  fundamen¬ 
tal  attributes  of  energy,  power,  resis¬ 
tance,  and  so  on  are  expressible. 

The  text  appears  to  be  largely 
descriptive  for  it  “uses  no  mathematics 
beyond  the  elementary  algebra  and 
plane  geometry  supposedly  mastered  by 
all  college  entrants.  Many  of  the  form¬ 
ulas  familiar  to  physics  teachers  do 
not  appear  and  the  illustrative  prob¬ 
lems  have  been  kept  fairly  simple’’.  The 
extremely  elementary  mathematic.= 
which  is  employed  is  a  weakness  as  well 
as  an  advantage  of  the  book,  for  while 
relatively  simple  concepts  can  be 
treated  non-mathematically,  the  student 
is  asked  to  accept  without  explanation 
or  interpretation  some  of  the  more  dif¬ 
ficult  subjects,  as  for  instance  the  cur¬ 
rent  in  an  oscillating  circuit  as  given 
on  page  397. 

The  illustrations  are  well  done 
throughout,  although  special  mention 
must  be  made  of  the  diagram  illustrat¬ 
ing  the  diffraction  of  waves  passing 
through  a  grating  on  page  534.  The 
illustrations,  as  well  as  the  examples 
in  the  text,  are  chosen  not  only  to  illus¬ 
trate  some  principle  of  physics  but  to 
make  the  student  aware  of  modern  ap¬ 
plications  in  his  everyday  life. 

.411  in  all,  the  “Introduction  to  Phy¬ 
sics”  should  prove  to  be  highly  suitable 
for  trade  schools,  the  liberal  arts  col¬ 
leges,  or  for  many  of  the  refresher 
courses  now  being  taught  as  a  part  of 
our  war  effort.  The  elementary  nature 
of  the  work  will  probably  not  make  it 
well  suited  to  the  needs  of  first  class 
schools  of  engineering  or  technology. 


Your  complete 


in  sending  and  receiving 


•  a  t  r  X  t  b  u  u  k  - 

type  HyHtematie  \ 

treatment  o  t  radio  » 
ood«. 

•  with  ail  ll•reHHary  iiiatrue-^^^r^ 
tioiiH  and  praetiee  material 

•  prenentinK  I’ROKEKSION.IL  xendiiiK  and 
rec-el^inir.  the  way  it  In  tauirht  in  leadinit 
radio  seho<dN. 


Use  it  to  learn  code  from  the  very  begin¬ 
ning — to  raise  your  speed  to  highest  profes¬ 
sional  requirements  —  to  master  this 
important  and  better-paying  skill  in  the 
most  convenient  and  inexpensive  way,  by 
home  study. 


Arthur  R.  Nilson's 


Price,  only  $2.00 

Here  is  a  complete  course  in  radio  code 
— how  to  send  it  and  how  to  read  it — in 
practical  form  for  self-study  or  classroom 
use.  Gives  20  lessons,  beginning  with 
implest  code  characters  and  leading  up  to 
he  handling  of  actual  messages  and  press 
Jispatches,  weather  reports,  and  distress 
messages. 

If  shows  you: 

how  to  make  your  own  practice  apparatus 
— how  to  fix  the  code  characters  in  your  mind 
—how  to  practice  them  for  quickest  progress 
-how  to  develop  sending  and  receiving  speed 
-how  to  get  past  the  "plateau  of  slow 
learning" 

— how  to  handle  messages 

—  how  to  judge  your  rate  of  improvement 
The  20  lessons  are  a  carefully  worked 
out,  progressive  series,  very  similar  to 
courses  offered  in  Navy,  Signal  Corps,  and 
other  radio  schools.  Each  lesson  contains 
instructions  and  pointers  and  ample  prac¬ 
tice  material.  Besides  this  direct  drill  in 
code,  the  book  also  gives  you,  in  7  other 
chapters,  a  great  deal  of  helpful  informa¬ 
tion  on  training  yourself  in  the  code  an<l 
on  becoming  a  good  operator  generally. 

O  good  for  pre-examination  practice 
O  includes  a  chapter  on  organizing 
and  running  a  radio  code  class 
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COUPON 
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Electrostatic  shields  can  be  formed 


conveniently  on  non-conductors  by 
means  of  "dag”  colloidal  graphite 
dispersions  •  •  •  Graphite  films 
so  produced  are  tenacious  and 
homogeneous  and  possess  con¬ 
ductivity.  •  •  •  Write  for  bulletin 
No.  31  for  complete  details. 


The  “Panicles”  of 
Modern  Physics 

By  J.  D.  Stranathan.  Professor  of 
Physics,  University  of  Kansas  (571 
pages.  Illustrated.  Price,  The 

Blakistov  Co.) 

Prof.  Stranathan’s  volume,  based  on 
lectures  given  to  junior,  senior,  and 
graduate  student  at  the  University  of 
Kansas,  seems  to  be  ideally  suited  for 
use  by  technically  trained  personnel 
who  can  profit  by  a  knowledge  of  recent 
advances  in  sub-molecular  physics  but 
who  have  not  had  the  oppoi’tunity  to 
follow  this  field  in  detail.  The  number 


10  DAYS' 
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Colloidt  Corporation. 
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YOU  NEED  THIS 
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RESISTOR  CATALOG 


3iP. 


tCdCnts  pertinent  in¬ 
formation  on  a  wide  range  of  fixed, 
adjustable,  "Rib-on-edge"  and  ferrule 
terminal  resistors,  power  line  and  R.  F. 
chokes,  brackets,  bushings,  etc. 

f 

CllSO  Lectrohm's  1%  and  2  pound 
capacity  solder  pots  for  radio,  motor 
and  similar  electrical  equipment  plants. 
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5135  W.  25th  Place,  Cicero.  Illinois 


of  “particles”  has  increased  at  an 
accelerated  rate  in  the  past  few  de¬ 
cades,  and  the  usual  undergraduate 
texts  do  not  ordinarily  devote  much 
attention  to  a  unification  of  this  subject. 

The  chapter  headings,  which  indi¬ 
cate  the  scope  of  the  volume,  include: 
gaseous  ions  and  their  behavior,  the 
electron,  the  electrical  discharge, 
cathode-rays  and  the  ratio  e/m  for 
electrons,  positive  rays  —  isotopes, 
photons — the  photoelectric  effect — ra¬ 
diation  and  absorption,  x-rays,  S,  3> 
and  7  rays — natural  radioactivity,  the 
positron,  the  neutron,  atomic  nuclei — 
artificial  disintegration,  cosmic  rays, 
the  mesotron,  and  a  final  chapter  par¬ 
ticles? — or  waves?  setting  forth  the 
argument  for  both  cases. 

The  author  makes  no  claim  for 
originality  of  material,  but  the  liter¬ 
ature  has  been  thoroughly  searched 
and  evidences  of  this  fact  are  to  be 
found  in  the  numerous  foot-note  refer¬ 
ences  and  in  the  various  compilations  of 
experimental  results  which  have  been 
achieved.  Occasionally,  too,  early  ex¬ 
perimental  results  are  interpreted  and 
the  reasons  for  success  or  failure  are 
pointed  out.  The  type  of  writing  em¬ 
ployed  is  not  that  of  the  usual  textbook, 
and  the  items  for  the  student  to  grasp 
are  not  so  readily  marked  with  sign 
posts  as  in  other  college  texts.  Never¬ 
theless,  the  student  should  obtain  a 
good  knowledge  of  the  subject  at  hand, 
and,  what  is  more,  should  form  some 
appreciation  of  the  development  of  what 
has  come  to  be  called  “modern 
physics”. — B.D. 


Incorporates  all  these  new  features; 

O  30  to  15,000  cps  oudio  without  dis¬ 
tortion 

•  Improved  Armstrong  dual  FM  limiter 

•  No-drift  stobiliied  circuit 

•  Variable  band-width  control  on  AM 

•  Dual  tone  equallxer 

•  R.F.  stage  on  both  FM  and  AM 
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MEISSNER- 

TERMINAL 


ROBOT  ALAR^I  SYSTEM 


Net  Price,  Com-  CQO  CA  ^ 

plete  with  Tubes  wOwtOU 

Immediate  delivery — No  priority  required 

TERMINAL  RADIO  CORP. 

85  Cortlondt  St.,  New  York,  N.  Y. 

Telephone:  WOrth  2-4416 
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Shown  here  is  the  master  control  board 
of  the  "acoustic  fence"  which  helps  pro¬ 
tect  a  war  production  plant  of  the  E.  I. 
duPont  de  Nemours  Co.  somewhere  in  the 
United  States.  A  light  glows  on  the  "map" 
outlined  on  the  control  board  which  noti¬ 
fies  the  guard  that  someone  is  tampering 
with  some  part  of  the  miles  of  high  wire 
fence  surrounding  the  plant 
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GET  THIS  ENGINEER¬ 
ING  BULLETIN 

Contains  dimension 
prints  and  copacity 
ranges  of  the  more 
popular  designs  and 
mountings  of  trans¬ 
formers  that  can  be 
built  to  your  special 

specifications  from  Acme’s  standard  tools 
and  parts.  Write  for  Bulletin  155. 


NO  INVESTMENT  AND 
NO  TRAINED  LABOR  PROBLEM 
Vl/HEN  ACME  WORKS  FOR  YOU 

Acme  offers  the  complete  engineering  and 
production  facilities  of  an  organization  of 
transformer  specialists.  Acme  engineers 
can  help  you  design  a  transformer  to  ex¬ 
actly  meet  your  needs.  Acme's  trained 
transformer  builders  know  how  to  build 
transformers  better.  And  by  using  dies, 
tools  and  fixtures  from  the  hundreds  of  sets 
Acme  has  on  hand,  production  of  your 
transformers  can  be  started  immediately 
after  your  approvol  of  design  and  per¬ 
formance.  Think  of  the  expense  and  time 
Acme  can  save  you.  Send  full  details  of 
your  transformer  needs  to  Acme  now! 
We  may  be  able  to  suggest  money  saving 
ideas. 
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TAANSFORMfRS 


Illustrated  are  a  few  of  the  speciol  trans¬ 
formers  that  are  standard  with  Acme. 
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Send  for  Complete  Catalog  Oescribiag  ^ 
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flection  sensitivity  of  the  cathode- 
ray  tube  is  not  affected  appreciably 
by  its  control  Ki*id  potential.  It  is 
advisable,  however,  to  ascertain 
whether  or  not  the  accelerating  po¬ 
tential  applied  to  the  tube  chanjfes 
as  the  control  grid  bias  is  changed, 
due  to  regulation  in  the  power  sup¬ 
ply.  It  is  also  advisable  to  check  for 
any  defocusing  effect  caused  by  lack 
of  perfection  of  the  brightening 
pulse. 

The  sweep  pulses  may  be  given  a 
balanced  aspect  to  ground,  if  bat¬ 
tery  supply  is  used,  by  grounding  a 
suitable  tap  on  the  battery,  or  a 
suitable  point  on  the  voltage  divider. 
This  expedient  may  also  be  used  with 
an  a-c  power  pack,  but  there  is  some 
tendency  to  60-cps  pickup. 

The  most  satisfactory  operation 
thus  far  has  been  given  when  the 
control-grid  bias  on  W  is  kept  be¬ 
tween  limits  which  will  insure  that 
the  current  carried  by  that  tube  will 
not  be  greater  than  1.0  ma.  nor  less 
than  0.3  ma.  Outside  these  limits, 
the  linearity  of  the  sweep  pulse,  and 
the  squareness  of  the  brightening 
pulse,  may  suffer  somewhat,  and 
their  amplitude  may  be  restricted. 
For  this  reason,  the  bank  of  fixed 
condensers  comprising  C  should  vary 
in  steps  of  not  greater  than  3  to  1. 
Control  of  sweep  pulse  duration,  or 
of  the  frequency  of  the  recurrent 


COLOR  TELEVISION 
APPARATUS 


RIDENOUR  -  LAMPSON  IONIZATION 
GAUGE  FOR  MEASUREMENT  OF  PRES- 
SURES  IN  REGION  OF  10  *  TO  10*^  MM 
MERCURY 

- ♦ - 

Complut*  facilities  for  design  and  construc¬ 
tion  of  Transmitters,  Receivers  &  Electronic 
Equipment. 

HERBACH  A  RADEMAN  CO. 

522  Market  St.  Philadelphia.  Pa. 


John  Logie  Baird,  early  worker  in  tele- 
▼ision.  has  perfected  a  color  televiaion 
set.  He  intends  to  market  the  machine 
himself  after  the  war  for  20  pounds  ($100) 
each 


G  Advertising  men  agree 
— the  list  Is  more  than  half 
the  story. 

McGraw-Hill  Mailing 
Lists,  used  by  leading  manu¬ 
facturers  and  Industrial  ser¬ 
vice  organliatlons,  direct 
your  advertising  and  sales 
promotional  efforts  to  key 
purchasing  power.  They 
offer  thorough  horizontal 
and  vertical  coverage  of 
major  markets,  Including 
new  personnel  and  plants. 
Selections  may  be  made  to 
fit  your  own  special  re¬ 
quirements. 

New  names  are  added 
to  every  McGraw-Hill  list 
dally.  List  revisions  are 
made  on  a  twenty-four 
hour  basis.  And  all  names 
are  guaranteed  accurate 
within  two  per  cent. 

In  view  of  present  day 
difficulties  In  maintaining 
your  own  mailing  lists,  this 
efficient  personalized  service 
Is  particularly  Important  In 
securing  the  comprehensive 
market  coverage  you  need 
and  want.  Ask  for  more 
detailed  information  today. 
You'll  probably  be  surprised 
at  the  low  over-all  cost  and 
the  tested  effectiveness  of 
these  hand-picked  selec¬ 
tions. 
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Par-Metal  Products  Corp 

32  62  49th  ST.,  LONG  ISLAND  CITY.  N  Y 

Eiport  D*p«  :  100  Vsrich  St.,  N«w  York.  N  Y 
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sweep,  is  made  in  steps  by  tap  switch  j 
S„  and  the  fine  adjustment  by  /?,. 

The  amplitude  of  the  sweep  pulses  : 
cannot  be  adjusted  in  this  circuit  | 
except  by  altering  the  voltage  ap-  ' 
plied  to  the  circuit.  For  recoi’ding 
work,  this  is  not  a  disadvantage. 

No  output  condensers  are  included 
in  either  output  circuit;  for  some 
uses  they  are  undesirable.  They  can 
easily  be  introduced  when  needed. 

The  circuit  is  not  intended  for 
extremely  high  or  for  extremely  low 
freciuencies ;  it  has  given  excellent 
pulses  0.0001  second  in  length,  and 
al.so  0.3  second  in  length.  The  upper 
limit  in  fre(iuency  is  dictated  by  the 
stray  capacities  introduced  by  the 
batteries  and  other  items,  and  by 
the  length  and  lack  of  constancy  of 
the  deionization  time  of  the  gas 
triode.  The  .square-wave  output  suf¬ 
fers  at  the  lower  frequencies,  due  to 
the  .somewhat  limited  low-frequency 
respftnse  of  amplifier  V .. 

This  circuit,  while  not  having 
<iuite  the  capabilities  of  some  others, 
has  proved  itself  satisfactory  for  a 
large  percentage  of  measurement 
work  on  transients,  and  for  sim¬ 
plicity  and  reliability  it  leaves  little 
to  be  desired. 


The  WK'.kS)  .pmpwyi  building  musical  in'^tnimrnts 
for  almost  years  has  now  changed  over 

to  war  |irodi:c  ^qn  /  4  K'kS  precision  built  relava, 
switches.  etc.,  are  now  available  to 

war  indii'iri'  - 

Stordv  built  md  well  designed.  WICkS  units  ran  pro¬ 
vide  a  dependable,  extremely  efficient  integral  part 
of  .\merira's  yi^/ilingr  power. 

WICkS  magnets  operate  on  from 
ten  (10)  to  fifteen  (15)  volts  D.C 
and  consume  a  minimum  of  cur- 
•  rent,  bindings  can  be  changed 

to  accomodate  higher  or  lower 
voltages.  List  your  requirements 
when  writing.  *  *  *  * 


can  solve  tough 

parts  problems  for  YOU 


of  ihr  rotary  t>p^  a«  built 
b%  U  h*L*  arr  very  efficient.  They 
ran  lie  ii^ed  to  advantage  for  actuat¬ 
ing  roechaniEtm.  giving  de|>endabl^ 
fervice  at  k»v»  coat.  ♦  *  * 


rOR  small  vital  parts,  alloys  of  gold,  platinum, 
palladium,  ond  silver  not  only  offer  unique 
characferistics  of  corrosion  resistance  ond  per¬ 
formance  under  varying  conditions  of  tempera¬ 
ture,  mechanical  stress  and  electrical  load,  but 
also  are  available  in  an  extremely  wide  range 
of  accurately  controlled  physical  properties  at 
commercially  practicable  cost. 

The  Ney  Research  Department,  with  o  back¬ 
ground  of  130  years  specialization  in  precious 
mefol  metallurgy,  invites  consultation.  When 
writing,  please  include  as  complete  detail  os 
possible  on  your  particular  problem. 

WHAT  IS  YOUR  PROBLEM  T 

Ney  Gold  alloys  now  in  use  offer  the 
followins  range  in  physical  properties; 

Brinell  Hardness  30  to  300 

Tensile  Strength  ...  up  to  900,000  p.  s.  i. 

Elongation  up  to  40'  c 

Modulus  of  elasticity  19to  18,000  000  p.s.i. 

Specific  gravity  11  to  18  sm  ^cc 
Melting  temperature  ISOO**  to  9800“  F 

the  J.M.  ney  CO.,  7*  Elm  St.,  HARTFORD,  COHH. 

SPECIALISTS  IN  PRECIOUS  METAL 


Small  relay  of  one  to  four  contacts, 
or  make  and  break  arrangement, 
laiw  current  consumption  on  D.  C. 


Relays  of  from  eight  to  eighteen 
puutls.  self^rleaiung  contacts,  mag¬ 
net.  operates  on  low  or  high  D.  C. 
soilage,  low  amperage.  Stmrdy  con. 
strw'lion. 


Olher  If  icks  products  include  magnets  of  many 
sizes,  contacts  of  carious  types,  grounds  and 
gang  switches  of  from  twenty  (20)  to  seventy 
three  (73)  points. 


A  recording  machine  operated  by  the 
American  Safety  Razor  Corp.  provides  an 
interchange  of  messages  between  soldiers 
and  their  families.  Over  25,000  61^-inch 
records  have  been  made  at  nearly  every 
army  camp  in  the  country.  Charles  Feld¬ 
man  is  addressing  a  message  to  his  son 
who  is  stationed  at  Fort  Benning,  Georgia 
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ELECTRO-VOICE  MFG.  CO 

1239  SOUTH  BEND  AVENUE,  SOUTH  BEND, 

Export  Division:  100  Varick  St.,  New  York,  N.  Y. — Cab 


Backtalk 


This  department  is  oper* 
ated  as  an  open  forum 
where  our  readers  may 
discuss  problems  of  the 
electronic  industry  or 
comment  on  articles 
which  ELECTRONICS 
has  published 
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Feedback 


Beginning  on  page  of  your  July 
issue  is  describe<l  an  amplifier  which 
presumes  to  live  up  to  the  design 
considerations  outlined  in  an  early 
paragraph  including,  “5  constant  and 
resistive  input  and  output  imped¬ 
ances.”  It  is  my  impression  that  the 
intelligentsia  of  high  fidelity  now  agree 
that  the  output  impedance  of  an  am¬ 
plifier  feeding  a  loudspeaker  should 
be  between  2  and  3  to  1  mismatch  on 
the  low  side.  It  is  also  well  known 
that  6L6  pentodes  work  into  a  much 
lower  load  impedance  than  their  own 
plate  impedance.  In  fact  taking  fig¬ 
ures  from  the  R.C.A.  tube  manual  for 
the  voltage  used  by  the  amplifier 
described,  the  mismatch  would  be  about 
9  to  1  in  the  wrong  direction. 

Now  it  is  also  w’ell  known  that  the 
output  impedance  of  an  amplifier  with 
degeneration  proportional  to  output 
voltage  is  reduced  by  the  factor  1-/^. 
Also,  the  gain  of  the  amplifier  becomes 

/ti 

where  m  was  the  gain  before  feed¬ 
back  was  applied.  This  may  be  read 
directly  from  Fig.  7  by  changing 
ordinates  to  read  about  48  db  at 
peak  of  curve.  In  the  flat  case  /3  is 
1/11  and  the  peak  gain  is  reduced 
to  about  20  db.  The  reduction  factor 
1-/U/3  for  both  gain  and  output  imped¬ 
ance  comes  out  aboait  23.7  at  the  peak 
of  the  gain  curve  of  Fig.  6  and  of 
course  falls  off  as  one  departs  from  the 
peak  in  either  direction,  and  may  be 
similarly  calculated  for  any  point  on  the 
curve.  If  the  original  6L6  character¬ 
istic  mismatch  of  9  to  1  be  divided 
by  this  factor  the  quotient  will  be  the 
actual  impedance  mismatch  of  the 
amplifier. 

This  I  have  done  and  plotted  the 
results  on  attached  curve  marked  “flat.” 
You  will  note  that  it  meets  the  above 
mentioned  so  called  optimum  condition 
between  about  60  cps  and  1700  cp.s 
which,  it  seems  to  me  is  hardly  to  be 
called  constant  output  impedance  over 
audio  range. 

Similar  calculations  may  be  made  for 
the  high  and  low  frequency  boost 
curves.  Figs.  6  and  8  respectively.  They 
are  plotted  as  noted.  In  the  case  of 
the  high  frequency  boost  the  feedback 
goes"  through  zero  and  actually  be¬ 
comes  positive  at  about  6000  cps  with 
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A  PRICELESS 
EXPERIENCE 


The  exacting  requirements  of  military  appli¬ 
cations  have  necessitated  unprecedented 
development.  While  these  advancements 
are  restricted  at  present  entirely  to  the 
War  Effort,  they  will  form  the  base  for 
Electro-Voice  microphones  of  the  future. 


Add  Technical  Training  to  Your 
Practical  Experience  —  THEN  Get 
That  BETTER  Radio  Job  You  Want! 


CREI  home  study  training  in  Practical 
Radio  Engineering  enables  you  to  go  after 
— and  get  the  better  jobs  that  means  some¬ 
thing  in  radio.  There’s  no  priority  on  suc¬ 
cess — but  the  better  jobs  and  the  higher 
salaries  are  “rationed”  to  those  men  who 
have  the  necessary  technical  ability  to 
master  any  job  they  may  be  offered. 

Jobs  that  provide  security — jobs  that  will 
mean  something  long  after  today's  indus¬ 
trial  "boom" — must  be  won  and  held  on 
ability.  The  men  who  will  retain  the  im¬ 
portant  radio  engineering  positions  after  the 
war  is  over  are  those  men  whose  positions 
are  essential — whose  abilities  are  special¬ 
ized  and  appreciated. 

If  the  lack  of  technical  training  is  your 
stumbling  block,  you  can  do  something 
about  it  now — if  you  nvill.  Your  present 
radio  experience  backed  up  by  C'RKl  home 
study  training  will  equip  you  to  fulhil  the 
exacting  requirements  necessary  to  obtain 
the  better  position  and  security  you  desire. 
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consequent  very  high  output  impedance 
and  a  slope  to  the  curve  that  would 
lead  one  to  suspect  that  the  output 
impedance  couldn’t  possibly  be  “resis¬ 
tive.” 

The  seriousness  of  this  variation  in 
impetlance  can  hardly  be  over-estimated, 
in  the  case  of  an  amplifier  using  6Lfi 
tubes  w’here  the  gain  varies  through 
w’ide  limits  as  a  function  of  load  im¬ 
pedance  and  if  the  excitation  is  held 
just  short  of  grid  current  the  indust’ial 
power  output  varies  widely  w’ith  load 
impedance.  Since  the  u  that  appears 
in  the  eouation  is  not  the  internal 
relativelv  fixed  u  of  the  tube  but  rather 
the  effective  gain  between  points  about 
w'hich  the  feedback  loop  is  to  be  applied, 
a  variation  in  load  impedance  varies 
the  effective  gain  and  also  the  output 
impedance  in  a  most  unfortunate  man¬ 
ner.  In  the  case  of  a  conventional 
loudspeaker  it  is  fairly  common  to  have 
8-ohm  voice  coils  show  as  high  as  30  or 
40  ohms  at  resonance  which  usually 
falls  between  40  to  70  cycles  and  again 
at  hieh  freouency  the  8  ohm  may  be¬ 
come  40  or  50  ohms  due  to  inductance. 

There  seems  to  be  a  prevalent  notion 
that  a  litt'e  negative  feedback  is  the 
complete  cure  for  anv’  and  all  troubles. 
This  is  not  true.  Properly  used  it  is 
nerhans  the  most  valuable  tool  that 
has  been  added  to  the  designers  kit 
in  years.  Tmnroperlv  used  it  can  cause 
many  more  headaches  than  it  cures. 

Ben  Drisko 

It inohnu! .  Mnnn 


Electrolysis 

On  page  7*2  of  June  1942  issue  wdth  the 
abstract  of  the  article  by  Davis  and 
Wainwright  a  serious  error  was  made 
wdth  respect  to  the  application  of  the 
anti-electrolysis  relay  in  combating  pipe 
line  corrosion.  According  to  the  au¬ 
thors,  pipe  lines  suffer  corrosion  when 
they  are  at  a  positive  potential  with 
respect  to  adjacent  structures  such  as 
trolley  rails.  This  is  correct.  Howeve*’. 
the  authors  make  the  mistake  of  stating 
that  this  condition  results  in  a  current 
flow  from  rails  to  the  pipe  line.  Actu¬ 
ally,  it  is  just  the  reverse,  for  the 
,  pipe  line  is  anodic  to  adjacent  struc¬ 
tures  when  it  corrodes. 

'  Note  that  this  device  does  not  con- 
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stitutc  cathodic  protection,  sin«.e  it  only 
furnishes  a  convenient  low  resistance 
path  for  currents  to  return  from  pij'.e 
line  to  rails  during  periods  when  the 
pipe  line  is  positive  to  the  rails.  When 
this  polarity  reverses,  the  path  is  in¬ 
terrupted  by  the  relay,  thus  interposing 
a  relatively  high  resistance  soil  path  in 
the  way  of  any  currents  tending  to 
have  the  rails  and  accumulate  on  the 
pipe  line. 

It  should  be  emphasized  that  during 
this  period  of  accumulation,  the  in¬ 
flowing  currents  have  to  be  discharged 
somewhere  along  the  pipe  line,  and 
usually  this  happens  at  wet,  swampy 
locations,  or  near  other  metal  struc¬ 
tures  that  are  negative  with  respect  to 
the  pipe.  Hence,  at  such  locations, 
unless  forced  drainage  is  installed,  very 
severe,  rapid,  and  hazardous  pitting 
will  result.  If  a  line  is  carrying  gas, 
gasoline  or  crude  oil  the  extreme 
danger  can  be  visualized.  For  thi.s 
reason,  this  application  of  the  anti¬ 
electrolysis  relay  is  only  to  be  recom¬ 
mended  in  connection  with  a  complete 
forced  drainage  program  against  such 
stray  currents,  lest  the  user  be  deluded 
into  believing  it  alone  will  completely 
cure  the  corrosion. 

Forced  drainage  is  usually  effected 
by  connecting  the  pipe  line  to  zinc 
bars,  or  the  negative  pole  of  a  motor 
generator,  windmill  generator,  or  Rec- 
tox  unit,  and  connecting  a  ground  bed 
of  iron  or  carbon  to  the  positive  pole 
of  such  auxiliary  devices  (not  with  zinc 
bars).  The  output  of  such  devices  is 
set  to  maintain  the  pipe  line  at  lea.st 
0.25  volts  negative  to  a  steel  grround 
rod. 

Harold  P.  Heller, 

General  Parts  Engineeriny, 
PC  A  Mfg.  Co.,  Camden,  .V.  J 
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I  HAVE  FOUND  the  articles  on  the  tran- 
sitron  oscillator  of  great  interest  to 
me.  The  difficulty  with  them  is  that 
calculus  was  used  in  the  analysis.  I 
don’t  know  that  much  calculus  yet. 

I  am  enclosing  a  sample  analysis  to 
show  how  simple  an  algebraic  solution 
can  be.  This  is  only  one  of  several  pos¬ 
sible  solutions  using  only  complex  al¬ 
gebra.  Another  solution  would  be  to 
consider  the  circuit  as  series  resonant. 
The  resistance  will  cancel  out. 

I  hope  that  you  find  this  analysis  of 
value. 
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of  operating  conditions.  Also  gives  engineering  data 
about  both  types  of  shaft. 
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driving  tachometers,  tach  generators,  fuel  pumps,  starters, 
cowl  flap  mechanisms,  windshield  wipers,  etc.,  and  for 
remote  control  of  radio  transmitters,  receivers,  direction 
finding  equipment,  trim  tabs,  gyro  pilots,  aircraft  guns, 
etc. 
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Copies  will  be  mailed  to  you  on  request. 
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